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1. 
OHA I 
A. UaSlII11.2' XDl.)l..' 
to 8stabllah 'the c~use (a) of baotel'1al anj's.lt.mlq. 
"'be .olution 'to t~}18 la'o'blAm mast e.nswel" Bevenl qUfu.tlons. 
ftrat. vhF 40 $OIH pert trlohously tla,,~ellate4 l)tlcteri.$; .vam. 
While others witb the .as. type of flagellatlon 40 Dot? 3000n4, 
1fhJ" do polar tl~~ellat.4 re~r1a. \$c'teria Gwerm 01111 when lateral 
.flagella 8" produced Oft SQ,11d media? 1'hl.rd, wb1 do aOM 
a1'lagt'llate \k1;oteria .warm ~,"'Dd o'thers no'" 
1 
~ .w. til' t.!a!1.~ 
£iiil. ap. mea" spread acres. the surtao. ot 30114 oulture 
~edlat fomine a thin 1"lla. Thl. m8.1 make the l$olatlon 01.' pilih-
~fS.81c hacteria dlttlOtllt or Impossible and p'rompt~d tavestlgatol"'8 
~o study vaJ-loua me tho 4. to eupprts;J th~ swm1nb ot ,tr,o,;1!II. 
DraWl aDd 38.10mon (1918-19) won oonoe1'"%104 vi th the l"olatlo'O of 
:trot.ua to tlphaa !f;wr and uao4 phenol i.lS Wl 1nh1.b1 tOrT ;;J.g::mt. 
Two or , 111. of a ,.- phaDol 801ut10n wa. a~t"ed to 100 ml. of 
nutr1ent a6~U.". the bb1bltlon. If.Hf\ed to~ 1 to 2 da18, wlth 
a*nlcal 0010l'11es. iDS'11 showed ao ohan!,. In relf'" tlon t.o 
i-a tiD and Lo~ttl.r aewm l1quetaotlotl nor in .Nln:tl011 to 
carbohydl.-nte fement{"tlon. Iknfn'O'l', the ors~?,n.lsr~ were lnlmotl1e, 
nollen. ntb 80me filament formatton. 'file ant1gen10 chureoter-
letlo8 were ohanged. The or~anlam. loat their tbermolabile 
antlgeno btlt ret:,lned their th.n:I08tt~bl& antigens. Thi. ohange 
in •• rologlcal behavior 1s i':~plalnfJd 'b1 the 10.'~ of flag,ella. 
The phtno1 r-~ethod _" used bl Saba.ft.%' (1919) 1n the 
_oter1010g1041 dlagnoa18 01. '':'001menn oon.talning fmbU. Be 
"4ed 2 111. ot a s;t phenol tJolu:tS.an to 100 rel. ot ~utl'"l.nt $~ar 
or Endo-agar. IDS"'-- 1nh11>lta4 but eood fi,l"Owth wan olrtalnn4 
w1 th f!aJ,a0illll ~*:t !sa_,,11 iI;PW~h1 J., ~'~~udo418ent.:r1a 
'baoilli, ataph11ooo~ol, iIS9ldlb&.~ 1..ffl1. a.nd ft.!t't\y atrrd.ns ot 
112S..,;lJAI aullin~'I" However, ialwfll~~D!;,f1%!Qta.tzph&i A, Shlg~ .... 1.ru,... 
bacilli. .tre ptooooc:l, RO.rm.9,t.i~ daDlbJl:&Y.. pseudo" 
41J,htherla blLe1'!.l! t 3011. f.J.lltbraX GtnlJuJ, qd !111t1:2 a3!SilN 
grew 01'1l1 al.lght11 or not a.t all. 
lettea (1919) was oonfr-lnt.4 wt,1'1 the probl-am of avttrmlll.g 
vhl1e .,u41b& nrlouliJ b10CMBtO~11 w'ul fJ~rolOF:loal reaot101l8 o£ 
pro~.\1.. 1'bo pMltol fi(tar metho4 of Bft.u:a q4 ~lalomon ftS em:plo784 
vlth SUCC.... Re aleo obtained 1~oltj,t.4 0010111$. t .. 1. ttl malaohlte 
gr ... and o!'7~tal violet. 
En_ rand Sc ... tter (191~rf oQft:t1naed the tl1l41Jlge of l'traUll 
.4 SalOlloa. t. eddttloll. the, , •• to4 mercuric ohlortcte. etbJ'l 
aloohol, Illoetic nolet, h1droohlono aoid. dd ltJ041_ h)'d1'"culde £0.1: 
sbt 11 tJ' to au.ppftas Iwarml118. Itb71 aloohol (1 #20-1 ':'0) 04 
aoet10 ao14 (1:100) added to ~gar8upvr\tfnH:H! spre~d.1D~ tor the 
tt.rf'lt 24 hol.lr8. Howfn"~r. {:!,rtel' tb1. t1m. a t11. appl.ulre4. whlcb 
"... eX~il&11Uul b1 the 6'hporatloa of thi! 11100hcl Wld aoe.to $01 d. 
Ttl. addition of hJdroohlodo fu'.d.4. ~odl_ h;rdrorlde or Hl"OUrlO 
chloride either inhibit.d the growth ot Pl"'Ots1l8 oompletel,., OJ' 
allow8d ."armlng to oceur, depClndl .. g Olt tM OOD.(Hultr:ltloll umed. 
the" showed a deOrOtl5fi la 8WC3l"'Jl'ftoe OU dried pl.ates find "!\l~o by the 
e.4dl tloa of ,:( lfaCl to nlltrl$ll~ 8.S"u:"'. fhe,. em.pbt\l.31:.ed tbo.t the 
agar ~st be poured 1. a thin 1a1.r, .tor the aodlum ohloride 
metbo4 to ba etteot1ve. 'l'h&l:- rtunllts witb '~lf&01 led ~Ut't 
and Scbaetttu" to ooao1'14. that o~otto pre.Bu.n must 1;1&1 a role 
in .wo.rmlJ1(h 
Weltmaan anti Seutterheld (1918) oh\alal$d inhibition ot 
•• lU.'l'llltlS wi 1,11 5" al11cone and attn butad 1 t8 tt.tt&ct to a01d 
pl'Odu-otton. 1118,. showed that 111blbltloft d1.d ftot oocur with 801M 
proteull etrairUI Wlt,11 they had Rl'''2i.%Ut 'hrt'.)u~Jh $ever):!.l pa$UaJ;EUs oa 
tb18 tid!_. 3raun lind ~~c&'l.etfer. 1D t9st1ag tnt!! method, al!1o 
obt!'dne4 lnhlbltloa 'tN, found th:il.t it ¥"Hl ottel'1oa11 panial. 
'lbe, felt tht. was dUAt to lna4ffqut$ osmotto pN.3U~. 
'3aoh (1920) u •• 4 the phollol method of Brntta a.nd 3alOlloa 
employlJ11.15 to .2 ml. ot a 5;;( r;h:e!lol BoluU.OD in 10 ~l. of 
agar. fbl1! deoreased oono.lltl·~tlol1 of .r~b.,aol 1fth1blted 8wtu.·alng. 
Belmter (1920) lu.ed ph.$llol to lub! b1 t 3wtu:*mlag tor the 
isolation of bQ.oteria 1. the dl11g1lo81tJ ot a.nlJ1Ql dl~:'Hta9$1I. 1("'1:101 
va. added to .. our:tomfu7" IAg~:l'", ~h'~ 3,.ft~z.u:·. 1 tflu8-ml1k .usar f:lfsU, 
WId au.trlent gelatin. a. aho'Wed that "~ib.aol Dot tlnl1 1nMbl ted 
"waning. bat nlso the 11quetaotloD of ~!ela.tlD. In attemptlae' 
to isolate bttot.na trom ap.cla.as contlJlln! tts proteu$, he tOUll4 
pbenol cultu~ m&4la 8atlataotory tor the 1801at10n of the 
e17s1,.1~ull 0801111, tlphold ;:~ p\\\ratT!:;bl 8 bSc'enJ;1 but .",td.tea 
.tor tu if301~tloQS of qthrnx, an_ Onol.h, ohioken tl'pholct. 
aad g1g t1photd baoteria. 
Entio agar M8 be~ll \1041)(1 ~1 til ~,} •• suo,oea8 in th0 oontrol ot 
rn/Eu.''lIlng. nIter (192' .. 24) lJlv~etlgO;tlng intected rate comlllS 
lnto the harbor of Hu~ oanat tlng shillS, tl)noouatcl'od a 
problua wt th trut awanUl1g ot IE21I11JJAiru&it&I. He state:. th!lt 
21140 agar inhlbits the iaw&rmlng of i;,.'If! Dlr.ta nJl but thnt 1t .u~, 
5 
bepNI.}are4 properly_ 'rh$ o;;t1r:Uo"tt tuchtd.l1""'oQdlum !lult1tl 
add1tloa to thl!tl meetl_ mtat b", detem1DtlQ .tor .aoh batoh. .r..lldo 
!l~D"a ~!,ft.m and oth.r "rl,ter1e p'libo~elU' '4n4 lnhlb1 tt4 tbe 
svarmln8 ot Ftot,._ ~~ohubaok (1926), lu7n1tvsr-, ob·~a.1De4 
tnfnMftg tl'lh1 'bl tl0D '81 +;1'1 lh~ Eado mlld1_ 01'111 lil\tt!l th. plate. 
were d:r1.3d thol'O'Ilgb11. Drying alon~ oou14$!;frlal11 'the 1ah1l;;11:1oa 
ot 3w!}~11\5, as l$8 de;temued bJ' ~l'!ltU\ andSolw"ffe .. , !1919) •. 
n.ln~orr;*.In alld Ju!£tat:z (19:J7) ar:hifHi :t' st.rlle ox ~all to 
_40 ~gm.r. 1bJ.t w.ter olol)l1dantHr),t1Qi"l on ihlt~ ~f)41_ cun be kept 
to a mlatmum 1t the ~edlum 18 oooled b$tort ~()ur1Dg 1.to Petri 
dloh6s.ft~1 to'dd th19 cUl t\lN IHll:U.Ul'l ~!!ll,tif1t,f\,c'o17 tor the 
growth of. illlOR!l~!'f; 'uJ;4. ;~~!S.I~\11 fitfln;,nl- Jl tl\\d 
1- 2su:at Zltilll .I., Gaa:rtl!er Mol11 .... , ~i2hlE1Jilldf!i Sill. 3&all! 
ntalD BI14 .. '"t~.11t\ Uftllt!du. 
SohUbae:h (1926) btJl'Oduft4 III new method fox- 'aMbitlC1l 01 
swanla'h H.~44.4 rretau. dtltterum to th~ culture medhtll. The 
ad41ttoa of .2-., Ill. of the "'bit aattee!"UJl, fftt a tltmr of 
appro:xll1&te11 1.6000, to 10 ml. of $;~~<\r ~aft 00111',1.'0 lftblbl tloa 
of awnlq_ .. reOemr!HfD4ed the uee ~t Jado pl.atee wi tll a 40uble 
aBOUDt or .erum tor more heavi11 ~~n'$.lnatn' epeolaene. Sohubach 
tOilful 'hat the 'lUU' ot 01\. or t\~·o $,~:rot~U~l .trlR\ln~ tor the 
prod_etlen of antl"erum 71elded f" fJ(!.rum ,.ot1"e ~g:atft~t tbe 
Zlag*lla of the &ntl" :p1'OtO'WI sroup~ '1'b1 ••• thod. 03UIUl6 0 
, 
lJ11('1btllzatloft of the flai~~lla. 
All nlkall110 QultUl;'.medlW1 iI~~J used. hI ::l(Jrt~amj~nn (19:~!9) to 
oontrol ov~~wtb otpl"Oteus. To 10 ml. ot Il 1t 11 tmue"""ll11k 
vaa 144de4 .1 Ill. of Ii 2() or 25,1' v'Ot~ru~lu.m or ~(Hil\lm I;qdrox:lde 
~olutloD. After lnoubatlQft tor 16-20 hr. ~t Yf o. tht 11tJIU.S 
m1lk oultUN 'w1l.5 auboultUH4 on QCnutOll •• 41a.1hllrJ _~o4 
allo"ed leolatio. of .t"1.)tooooo1, stal",hrloOQool, ".,2M'" 
SDII1. blMII~" RlDllilll _4 bsmstDIi.&1 &'1;u.troa .p.ob~ •• 
ooatalf1aat.a wi th l;J!O''''_ 
Itnme:r and itooh (19,·1) laYe aD e~o.11 .. t review up to 1931 
of the ltu.tho(ln \lDed tor til. tahl b1 tlon ot 8wllll'!llag. Most ot tbe 
ten W1'fUlJ •• voted to a ,..-tee.tici _4 eva :.u~:tlon of pre'f'1ou9 
_tbod'h They •. reloy.4 100 stl'~11UI of i'D~1I1 sa4 269 otll ... 
_otenal t7pEtlh theJ &130 d ... loped 801M _tho,. ot tll.IJl 0141. 
oae of thiliu.e ftG 'the WI. of copper $ultate at 1,2000 - 115000 
coa •••• ratioa. Thl. _O\18t of oopper Gultate lch1 1>1 ted. the 
_va_lag of ~,., but all othtll' bt~eto:da tested grew poorly_ 
A oQ1lo •• trat,1oa of 00PP8r sulfate whioh allowed the growth. of the 
ot.er ... ,.r141111eo allOW •• pl"O'.UII '0 Parm. lU"6IHU' ,.4 loft 
a180 t •• , •• the 0:1ao\ of ohloral hl'd'ftte. Ohloml h14rate was 
a« •• 4 to nutrl •• ! qar. ~.do .ga.r. Ohlnt:t 13 tWIt 1ao'\oa. agar, 
\fatel' bl.8 laotoa8 agar OIld bLOQ4 agel". Almo8t all P"'.u 
.tn1n8 wereprevellted tro..wa.mlag while good Irowth wa. 
obtai.e' wi tb all otber bs.oteria t.~t~d OXO<JIlt the "oapsul." 
1 
baot.ria. Obloral bFdrate blood SfJ3r was tous. beat suited tor 
the growth ot progeala bnoterla. 
Lode ad Heveret (19)2) al$o :7Jtudt..d the ofteot! 'NneUI13 ot 
chloral h1.rate. The,. found O.l~ ... O.151~ til ll.utrl.o.t agar _4 
0.1" 1n })ldo agar .uprr~amed the s~famll'le ot proteu vhtle per-
.1 ttl., tIM '"'fifth ot otlu)1" baoteria. The,. a190 t •• te4 "averal 
alOOho18. paraldehyde. cil,\rbulo acid ath11 ester (tJrethu), 
dletb,l barbiturlo aold (Veronal) f $lotll. 41eth11 bar'bltvl0 actd 
(Medlaal) .. ecult .• pho!l71eth71 tmrbltuno aottl (Lmalnal), morphium 
1l74l'Ochlorlde, c0481De Iq'droohlorlde. 011 of thrme. 1 •• 011 Cftl •• 
011 and olove 011. 01 t·he aloohol. ' •• te4, _th71 aloohol 
(12.·5~) _4 etJ:ql aloobol (1~) bb1b1t0d ..... l11B. lowf))vel", the 
YOla'111 t7 of thee. Rloohol. ",,\\1 t 1n a ftp14 deoreas. 1. 
oODoentratlon eo tbat &It&t" 24 br. laoubatton .warmlng Is Dot 
laid. b1 t.4. Of the other tntbataoee t08'ed, mclJdlaal Nld luataal 
gave 8004 tahlbltl~l'1 ". iiftll "'foAl morphia h1droohlonde aD4 
00.481.. )a74roeblorlde. 
'ft\t un. of all alcobol flo04 plat. vaa 4 •• elope4 by 1011&tll 
•• Hlttaer (19"'. 011. to 2 m1. oE 96:t a100bel was pound OIl 
tile aurtac. ot the oultuN .841_. After 21118.. the alooMl .s 
poU"ed oft. ftle plate Wi" .. e the. 4r1e4 at 'JT a. tor 5-15 mill. u4 
lDooulat.d 1.edlately_ the, teat ... aut neat .r,ar, 8s14e .g~,. • 
• 1004 tl€fU. LevlJlthal e.gar, oboool~t. ~~arf r~~ _do a~a7. V1 til 
thl~ Ih'ttho4. All but 0 •• • trn:la ot ,U!1W ft9 1>.reftate4 tree 
8 
swarmln3. The won of' 'lord and »act: (19'9) 1" ft. repott 110a 01 
priGI' metbods.Thair 140ft ~lth QtlfJ~wm do •• !lot aeree with 
tb.&\ of (j01'1uhaak. 'Xb.,. t{HUld 1llh1 b1 \loA '07 antlaerua strata 
speclfl0. ,:'jobu~at:)k., b.~" heeD worklq wlth oa17 f::<lle antls.ale 
type 01 prot •••• 
S&14er 8Il4 L1011$"0111 (19ltO) tcuad th1At a ooac •• tratloa 01 
.Ol~ _'041_ ... 14. 1. 'blood agtill" prev.Die, the swaraillg ot prot ••• 
d4 l:Ul 1)1 ".d tll. ,row,"" oioth@r Gra.= nec&t,l ve: 'baot.rl.~. 
aa,wa.r4 ~~rut X11e. (194,) ehow.d that 6-8'- cOIloniJ'a/'loa of 
agar SJ:t. culture m~dta lflhlblta. the ~wa:r'mln! of ~'!l!I. !Ulima 
aad g*911d~1I. A oompart$OD of 0010., co_t~ trOll ttL. 8$ agar 
1)1004 plat. •• an4 the 2~ agar blood pl .. t.. illbolle4 DO dltZ.r~no.t 
rbe 001081 •• w~r .... 1111" QD t~. 8~ asar, bat rotat ••• their 
ou11; .. 1 ehAftcterl$tlotl. ;;;o41_a~14' •• potasslum tell\trl:te. U4 
toma14eJqd. we" als. t •• tt4 wt 1nh1 bl ted other or~(:i.ltl_s •• 
w11 .a PJIOtJ._. 
tU .tt~4t. O'f lI\uta .... aotl va cI!l,!t.Dt. oa l;rotell'" weft atu410 .. 
by LoIIl1Asld and r.a4l"W1 (1942). fb0l' •• pl0l'ed tbro. Ir~n~rfa of 
ooapowule. 1) fUdoal0 &ot1 .... ag4t!lt.t 2) catlolllo actin a~.llt •• 
• 4 ) q adl8,z!ool".".4 co.}: •• 4.. The Wl41,.oolate4 compo_4 ha4 
11 ttl. etfect. llNt the azilon1o _".I oation10 agellts .uPP""". 
flwaa1nfh the •• :re8u.ltlll .holt that the oharge oa tbe 1I01eaule oall 
not be ib.e reaeOA to .. ewa:rmlaglul hi tto. s1ace both q1Qslo end. 
oationio agent a haft U1 etfftot. .toal1u,kl Q4 Lel1dl"UB postula.ted 
lhatth. ~Gnt. 1187 OU(tag'. "the me41te pb,llio,:'.ll, 1"~n4erlng 
mottllt1 i~ hono1) $wt.l1.':tBlng ditt'toul t or1mpoa1J1ble. 11le in! tlal 
stu41 rm. the &crtual oa'1~e cf slMrlillU! ap;';Hl~~r!t in 19'+1. :Loulllt'Jkl 
and t.ud!"WJ (1~1) p;roi,)Osed that .'d~7iotm111f:!i we dll. t.. ~ negatl'tM 
cb_otll'lda. The, Mllev. thfa metabollt.1'J of 'the 810l'Oo1'8tludma 
400\1mlll'xt~ at the $1 t<r of gN~rt.h.~lbe. ~ ae".:\ln o{)nz:~~ntl"~~t1t). 
ill rea(ll'.lthl. thetH!t .ertftbo11 t~~ att.l'1Ul;:\tt~ fln~i{~rrirtna by ,!1ttu':1nS 
1\1t~ the mthtlta fom1a~? .. 8.1'$041."_ A bNth til tl'l!lte of p:tOte1.la 
was touu4 to srUJlulatltt S,,1\Nlll$ at (lno$), Wh~fta. oNbtnrll,lt 
000... , ... 3 houl"8 3ft.r 1ao(t1llatl_. 
A oOJnp16te r~'rt.w of t~ 11"$~J:tuN i,:tt,!'l gl"tH.lft 'b1 Naul'u'. 
(1941--48).. In. 11'tUq OJ; 130 ~peo!aell~ trom l'iat1_t~ and 
o~i! ••• ~, ulima o~g_ 4eftolen\ .n.l~nt* he o'btaiae4 
1Olb1tloa of the tlwa,slft$ .t ~ ~ l4'tbGUt &!.tee:t;m,;; 
~~ crowth of th~ other baoterla. 
Other tMtMd8 *loh bft ••• developed to COlltNl I.IdIII 
'!'.I&adtl q4 Ea!1U 1~£N4.&I he ••• 'b,!)en the 11$e ot sulphonamide a 
(801_ •• 1951) .~>llt' Cl-P-ft1trophCNl11-.g110ttro1 (~tn:"J 1951-58). 
fh. oJlls'tion lOt ~odl_ a~ortd. fro. M oth~~\l~ cODpl." ••• 41_ 
11014e4 lso1a:t~d. nontfl\iaNl~ Qoloal~g 10.,. 3cba~1$nJo. (1961). 
ilO 10\1114 that t!te 1II1a111el :3od1_ ohland., coaceatlrl!.\.tloa 'tb!\t 
nppone4 ewarmlDg i~,'ll8 .05 to .15;(. Add! tlon of .5% 41 'i.'mel0 
s041_ ph(uJ~kta. ttt-.10 pota!mltm phos~hatt. flo41um oltrnt., 
8041_ flul.tlte. !,,,,ot11a alt.rlto. potaft.lum ohlorlde, &uoa1_ 
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~hlori.d't or te:trou 'b.lorl'!~ to a. )lu.10 re~'1WD of .S:t tr'TptloaH • 
• S:t peptone. iUl.d 1.51 ~,i,\;;~r vas touad to .uP~ort 8varml~h 
rIoll;8 .. r. tha u;~e of .5:( 1.1.01\0'00..,10 :;,~,~dlum pho$phl!.te •• oaoba~lc 
p~ta.Z!l,.pllo.,...t.. or oUolu Ohlo,lidt ""ul t$4 1. almost 
~olnpl\)te lnh1bltlcn of g,ftwttl tor 24 ko... Sohn~l'lralo. t~.l. 
~~a$ "alt 111 tht.a41_ la ultlJltlltfll1' N.tt"'~J!lbl*! tor tho 
~var.Dtac ot pro~ .... 
tS:rcnrth etlmulHtlon ot Wlall ~I b7 a4d1 t10a. of 1a01 
va. net.4 bJ' art8le, (l~'). lit 1 .• of tll$ optl11011 tb~t.\' th1s 
.rtll:l'UUtloa of lrowth 1I!tl ~ a taot_ .. 1a til. b1 t.lati" •• f 
--:ra1q. 
Au el •• t1'017te a.not ... , .641_ wld.cll st(;lpe tbe IPrea4 of 
~D1DI _tallow, the gnvtll of other ,,*ot>!Jrltrt va. 4eY1s.4 " 
snaq. (1960). A 1I1Irtl211" t.,pe ::ce41tm .fI toftnll,'ltt'lct b7 J$.J'loJk 
(1960). 
!ablt % elf •• ) ,1ft8 .• b:rlet S~'!l.rr 0: the Ilt.rat .... 
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WbtlIl •• _ .... t.n.a III N1 tAv._tlgla tlon. eopthillg: 9hoU14 
M tnO. abollt their raorpbolo,loal _4 ptqaiolOlloal e.ahoter. 
1.'t'llle. Ia "hle .'1l41 it waa paJltloularlJ UapeJrtaat to aow 1t 
thAI 'aot.rle. .. ,.. ..:rae" or 1'I. __ vaI'SNU". and the tne of 
tlag$lla't,lo1'1 on ord11'18017 ... dta. The metht)ds em,ploye4 ooul<1 
then '" _.1Qa,te4 ·Olt \be M81s ot It'U'lb.er or not tbe ba.,.rt. 
ven p"ft1\"d trom .-.taa .4 it the laok of SW&rIllq wa • 
• ooo.p_1.4 b.r a ohqge lJl tlaaella tloll. 
bowl«ulet't 01 tile , •• perature Crowth :reage waa D ••••• ~I'J'. 
slaoe pa,.ouoph1110 'bactedA w111 8010 grow _4 •• the oond1tlo •• 
of ... xpe!'h~t rta at Yf O. A tal. •• taterpntatloa ooulcl '-
.a4. wen 'hl. 1Jlt:omatloa 1\0' mo_. i.__ of the lion co_c.. I:tlooh .. loal t •• t8 weft ".'hatae. 
to .... oh ot the \v':"U".r1~l to ••• 1f the" were -7 obaftot.r1atlca 
po ••••• " 1. co_ca b1' all ewamer, .. 
Th1n7-ou b&oterl.n l.l .. re \1 •• 4. f~~ent1·$()wm ot these,,_" 
of aarla. orig1n, provide. b, Dr. E1aar Leltnaa .. 41ep~rttHat of 
Ntcroblo1oSJ. StJ'ltQh School of Medicine. ,~crtlture of 
bMl2U11l W,.".d. _4 !~[otlla li,all&111 na prov1de. bt tile 
State o~ 1111uQla DepartaeAt of ~~bllo Health, Obioago. A $traln 
of g;Qe,RbIIi •• o'btalaed fro. th. fOrrr ae$~a!'Oh Stet!.o., 
AM~ean. SootlaD.4. 
The medla emplo,.ed tor oharaoter1Jatlon of the marla. 
bao'.r1a VONt MO' l!$tU .• ot Lattson (196'), i)elatln. nltftte, 
1ndo1, urea ,01 tra te. 11tdno, d.oar'boX11a~Ul, aad pbelQ"lalanlu 
de.alaa ••• 
!he oa:r1»o1'l7d~te •• eSla ba.e {MOr, ooa~1j1t.4 of Ollu~l tou, 
.1", Toa.t extr1v;t •• Ol~,gmo.l_ atlltate, .05%; fria b\ttfer, 
.05:1. agar (SBL). _':'. phenol n4, .OOl:~1 anlt101al •• a va,.", 
halt atrenath. 1'0. thls ba •• waa a.t:tded respeotlnly £luoo •• , 
8ucro.8, lactose, d-mf.UU1S:tQl, qlo •• , &ad maltoa8 to a 
ccmotmtratton of 1". Tlle pH was a4~uat .. 4 to 7.5 with H01, _4 
the _41_ wa_ then Q.t.ltoolaV't'. Jue to a P0881 ttle bre&kdo~ ot 
."cu.-O"_ 'tb1. ou.r'f)ohldrate we Selta fl1tend and a4d.4 to the 
ba •• me41_. bo gluoo50tube. we:ce lnooulnt~d V1 th each 
organ1_. One of thlt tu~. waa 00,""4 ,~1 til petrol!1tul! to 'est 
tor termentation. 
The baa ••• Ala for ~.lSt.tl. al trat., i1tAd ladol ftS fA _ea 
\lIater broth conatltiD« of OQulte •• , .2'~; 1(u'U)t extract, .1,., 
Tria btd'fer •• 05;(, &nlt101al .'lQ w~ter. half' etrel1gtlh to 
thl. base va8 added 8;1 ~lilt~tln tli'.ad .2:( I.No,- the \'tae" &loa. 
ft' u •• d tor the 1.dol tltet. Tbe riB •• ad3\l8to4 to 1.5. 
Dltoo oltrat~ dfl Dltoo ve. "roth GOlla •• irat.e weft u.ed 
l' 
tor the 01 tn'. .ad Qft£l t.... It WII uO,uuuli,17 to laon"". the 
'la01 oontont to a tla~l coaoeatJlf;t'tloriof 2;t tor ;6J'Owth of all the 
.. ",nne lUl",t.rl ... 
rho 17~1 •• d.o~\r'box71Q •• me41_ waft !,"p~u:"d aooordias to 
'alkow (1958). cucoept tor the addition of 8$& wter. 'rhe test 
•• 41um cOllet.ted of l-lT~d,M •• ,,r, oaaltone •• 5%, ,tHuat en~o', 
.,,,, glUQO'.t .1~J artlfioial ••• water, h?~lt $tnagth. fo tMe 
_aa44ed 1 1121. of a 1.6% solutlo!l of bro~ cn~ol pu!"ple per 
1000 Ill. 111. ~llt we. •• 4~.'.d to 6.8. !be .e41u wi 'bO'ut l7etae 
.. nened aa a eJoatrol. 
fU pheJ11lalanl •••• 41_ vue .(:lftp:a.red aooord1Dg to titd.q 
(1962) vlth a441 tloa of •• awat.r. It ooata,lu.a4 dl-pheA7lAlattlae, 
.2;'&, ,.a~t el(1a."'Qot •• 11, 'lr1. 'bUtter •• 05~, ~at,. (Bl1L), 1.2.(, 
artlficlal ••• vater, halt atnagth. tile pH 'Waa Adjusted to 1.'_ 
rho tfl8-t l"e~eflt ~ •• a 10;( teme oblol'lrle IJoltuloa. 
The &"11101&1 '2,~a 'water 8.1,10,.G4 ta th~ abo". madla 
oOlu~l Gte« of. 
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InHOO, .19 
tOl .66 
Jter .1.0 
MgO~ 5.0 
O~ 
or 
plus 0 •• 11 tor of d1&t111e4 wzlt~U~·. 
fo test it the marae cu:ganl_l$, Gau14 grow t:a "'1:'1 low enlt 
QQuoe .. tratlQxu,. a relativel,. 831t tHe broth, cont;latlng of 
O&$ltono •• 2~J",uul' anmot •• 1~1 ~it''p04' .07:': ~P04t 
.';C 1. 41$t111.,4 w&.ttU,~ ttaa lu~.4. tke pJl ot tbll brO'Ul ._ T. 
T.be t.mpe~tur& afteat Oft growth aa. swar.mlag ability vas 
te.'.4 en .~Q v~tfar ag:ar O~)1l91stlXl¥1 of Oaml tone •• 2%"; 1{Htut 
extract, .l;:t; 'rrl. butt.,., .05:t1 aj;1:'lr (1;111,), 1.5~(; ~u:tlt101al 
eoa vater. balt IItred.lttl. 7M pH 'WflU, 4\<13\lflr'.4 to 1.5 ~d the 
culture va. lJloubated ~t 20 O. and 31 o. 
TM oal, 1'Oaot1oan ' •• ".4 ,,"1 th 11. UUll.13l!.1.B d4 .t. 
Gallii. vere 111401 (l'~ tl"Yl:itOI'lO. Dito!,), Ur~!Ul (Dlfoo) and 
K,llgler al.a!l t a (Dl.too ) • 
The tla,ge .. 1JiY. tl(Hl o~ thfJblI!oterie, V1:'.. 6etem1aed l,Ud,D« the 
ertalninS .eth",4 of :Le1ttl)O!'l (1951). 
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Table II (p.51l eboQ th~ bloch~ud.oal re~:.¢t!on(t of the 
m1;t.rlne hActel"ln. t:taetet'!1 of tho l!Jtt'$.llne wort tenni)nta:\lye. 
\:f"h!,le 8 were ortdut! ~, tor c(~J~bchydl'til.t~f" Tl>'cmt1""'t.ll\e of tho 
atre,lns util1zed 3UONata, 20 :ms!lnltol. qd 2, lraltof$e. hut (tnl,. 
, utlll~e4 laot,o~o f-iltd 2 utilized X71oa~. 
Ot th~ other bloohemU.ll l"$rAutlofUS test~4. 017.11 4 .tminG 
t&11e. to 11q\ltllt'1' gelatIn; 1lient1 of th~ vt~1a. ,f\,re nitrate 
pout tlve.hut onll oa. (1';(14) !,roduc.,dgt~iJ f~ !It:tnt.. WOb 
ot -the ():d.~~tt1T. baotertnsavGt\4 1ndo1 :p(ud.1:1ve 1"'eaotlOD. 1m,," •• 
l2 O\lt ot 19 f'enaentntt 'J'~,j b!u,'ena we" tn."ol posl tiv.. On11 Oft • 
• train (~) W'so una ponltl".. 6 out of 15 ue:r~ olt~tt. }loeltlw 
Ii l~re 11~7,1l.\e dc.,r\rboql~ •• I!031.t19e: .. t.:tnd 6W~1'f,l d~a~1!uj,.e 
posttlve. On!,. 1115, XQSS, XQ40, f\!l4 1Q11 eQuId grow la a selt 
tne ttJ~dl_. 
A .~17 ot tllo ,"nIl .. , '!f( a. Ie £:lvt~n 1~ T!>blettI 
(P.5I,. ;16"..Jtl' ••. rl of the 'OiJeterle a'tudleilw.re •• ~oplll110 Q~cI 
10 w.,... pS10h:ropldl.l0 (ae gN-wth. at 17 0.). 
TaU. III (1'.51). alH ~~ar1.tt., thlt tl1l1t 01 tlalell.atton, 
the ay.u!'age '~,!aTe longth of the polar _XI p.rt tnoho\\l tl~tl.lla 
alld •• mug aJ)tlltT ot 'k1le bnotena e.·pl0l'e4. 5111e ot the 
oul tUl'0fJ ewtung\HI O!l:'1e:ar. 1 o!thesfI being 1>013.1" lIOftfJtrlohou 
wtth l~t(tre.l tlag$lla, ~d 1, PDt!. 1\£1lll&1I.1. vna 
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pe:r1trloAousl1 tla#;\~118tEt4. It 1$ l:ateftetlag to note that 
'2,$2p9.a 1. atll"£l~ll@l.tt) let 1~S'l.na9. though more elovl, thnn the 
tl~ellat.d t,pe,&. Of tM non-jiJ~arm:1ng str;al:1e, 10 wen polar 
monotrlobou8wlth hteral tl&!tlla, thrae .howed OJ1l.;r polar 
Itouotriolous tL~l:~tfUatluD. 0&. (X'fll) vae either pol$,r 
multitrlalto •• or polar ltll":hotrlohous,':'ID4 ._ (ISOIO) wa. polar 
lophotrlohou. XW14 a4 ""~2U11I tzddal1a .ere both 
pen tr1ohoualy flagellate. but .elther .wam... XQ56, X~. _d 
X'lll an area peal'l.. flar,ellat.. enoel &ft« 40 uot !lwara. The 
wave length of their flag.ila to gr~at. rangl~ tram '.06 to 
J.15"". 'ttM 'ftft l'.gth of the pol.$r fl$galla It 19 ot thl 
org_1_111 raag$d from 1.'5 to 1.,e"k. 811. ea,,;! .• "howe4 a va:" 
I_liIl ot 2.01-2.19"". TU va .. 1.I'\h8 of the lateral .flagella 
we" a1.". a~p:rol:1m~t!!l,. -'f-
l). a.ald. 
10 Qormnoa oh.~r .. 1Ctt.r1ut1Q. 1:18N toucl to b~;QS8:UHjJ.4 l1T 
Motet'1al sw:~m~rswhl.h would se'l tht6l1l apart !'t"'"w th. non-
$vaftltlrs. tlcftie1(er, Illl U-l1ul'n4fJ'NJ were t(n.d 1.., be mesophilio 
aa4 t.~t$tlt#lt1n. Thla O'Quld lDdlo~lte t.ewvflr;~.tur!;i tUld 
tateentatlOUliN 18 ltll\·l -lroli2l,t9d t s_ml~; rlVlS.Z1 tilcHJ.h all 
.;·H~oph1110. ttn,":;2tJn'ts,1:;1 V~ '!Ktoterle do !~Qt l"J.(')es~ .. ~.rl1.,.1 8Wla.l"I.I. 
!. JaID".' .. 
• ~1'loJ' (1960) toad tut tM tJzd.tUd.01l of JaOl troll a loll. 
ag"!" media preftnte4 1fvanla,$J o£ 113$'11- !hie wru. also .1 •• 
(tOftN • .., saa4Jw (lJ6O). Wl"" O.5}1: !la.Ol 1. the a.f~.r- m.e41't11. 
h$ to_4 thfitpl"O'tau _.nN4 \0 the ... depee bet __ 1'1 6.4 
aa4 pH 1.8. 
So •• tersoB (19(51) _4 ort.letJ' (196" also prevented 8,,:1LIII. 
1Ds otl.illl .51. tv ~ oat •• loa ot laOl i:1:1'oIt the •• at_. 
SobUlereoa touad thAt the m1&1_1 ooao •• uatloa .e .01 whio" 
woal.4 .,po" .-.11&1 at pJI·1.0 ~4 tra 0.05 t1'1 O.lS~ .. 
did not test laOl ....... ,..tl •• abow 0.5:( bowen.. OftfJle" 
flO ••• that eptt.aal ~ .t :.. JIl,IIiJ.I •• obu.1.ae. at .. 
ooao .. 'fttloa of 1.0 'to 2.0;G lIM, til .. , po¥til was !Nat17 ft4. ... 4 
at a _.o_1nt1_ 01 8;C. 
• &441 tloa ot 80d18 a.a4pOu.cd .• b74roU4. (.Bere •• aao. 
lt2') -.4 of 1a74J1Oehlodo &Old. ( __ • _d Soh.Ntter. 1919) haft 
_ ••• plo,.d to pftveat --111&. 14."18 s"tu4t halt ... aact. 
to I$hoW tU relatloa$b1¥ ot pH _4 .al~ oO&o •• 1ratlOll. ftle 
tollo'id.q ex:pe:rl_.t was .. , 11p to ahow 'h ••• nla.tiloa.hl". 
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B. lailr'111 M&i MIlb241 
1M ban. medium amplored oonslat~4 of Oas1 tone, .2,(:1CHiS' 
sxtraot •• 2:(,. agar (llBL). 1.5;~. tbl~ £"\ed1um was pftpaHdln 
double .'"!lath. !o it waG lldded 'r1£r,lag qountu ot etel'1le 
d19tllle4 'Viater and sterl1. 16~ laOl t'H)lutloD to :rield ~.dla OOB-
tainln! 0':, .5'~. 1%, 2", 4;(, and: 6~ !faal cOl'1centre.tlQl'ul. fhltil 
wao dame aa tellovel 
1) 20 111 of ae41 till (21:) 
20 .1 .f 41.'111e. 120 
2) JO a1 01 udl_ (21:) 
1., :a1 ot 16;1& B.Ol 801ut10. 
18.1 al ot d1stl11 •• 110' 
') 20 111 of u.s. _ (2X) 
2.5 a1 ot 16~ •• 01 Bolutlca 
11.5 III of d1Al11.4 &,0 
.) 20 .1 of _<11_ C211. 
5 al of 16;( I$,lOl ao .utloa 
15 III of dl.tl11 •• ~O 
5) ~o al of _db. (2X) 
10 .1 of 16$ .aOl ,,01ut1_ 
10 .1 of d18t11le4 lID 
6)20 al ., ... 1_ (ax) 
20 .1 ot 16% la01 aolutloa 
- 4~ Baal 00lt .. 8"ftt1_ 
tu pH ot the m8dla _$ ad~t9t.4 wi til ur 101 or 1. laOR. 
A Beotaaa pH metervlth 610..' eleotrod •• sm.d ate.perature 
81.ttlBg At 21 a. waD \18e4 to l"$&d t.he pH. »1.tleftat pI value$ 
we" employed. with aad '~tbout 'b\\t'teN. aa tollOW't 
1) pH 6, 1 i 8, aa4 9 with tns btJ.tter, .05~. 
a) pH 6, 1, 8, •• 9 ~1.th ao butter. 
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') pR., 5, _4 6 rttb 1~l?O4 butte .. , 1.0%. 
4) pH 4. 5, 6, ~a4 1wl'th ac b\ttter. 
5) pH 4. 5. 6. _4 T with ,,01, 1.O~. 
6) pH 6, T. 8, AD4 9 v1tb 80 bUtter. anaero~10. 
1'ha Mtll.anr. tubo' 1a tvea tl' tIll qotmt$l Gild o.u.toolaye4 
a' l20 O. tor 15 mlallt... ftw "Iar lnlS _lte4 1a a bolllqnter 
bath aad·the topeftturt watt et,lu'll1 bratec1 tor '.n .111ute~ 1 ... 
50 a. vatel' _ttl. Uld pO\U"ed tato ,1.... 'eili. it18hea. After tM 
platfu" wen poured, the, were ar:led oTtmlght at 1'0_ telB.pe.rature. 
Bao1'1 ,lAte WfiUit ,hen 41v14ed. tato .tOU 1J,\lA4nu:ta _4 a'ab t.aooa-
lated .t:roa .. 24 uv hfttll ou1 'lift of tM baot.r1~ (toU' orcaat._ 
per pla'.). n..tplloat. pla' •• ft" i.eubStod for 20 hours at 
20 O. _4 JO O. At the Gad ot th18 tl.me the desre. O! awaN!.., 
or ot growth va. 4ttterm1ae4 ttl' aeawrlae- with &. 1Iillaeter rule .. 
the dlq&te" ot the colOQ or of the flb. Plagelln:tlo11 wa. alec 
det.n1ll~4 b,. !las,lIe. flta,lalllth 
!he ,."t lmot&ri& We" .,~d.a'&lae. on s&& Wttt.)!' agar $llf.llltIJ. 
?he broth e.plo,e4 for ,be 24 bOQr oultur~s ot the marine baot.ria 
ooruslst •• of 04 It tOlM.. .~~I ,..U, extract, .1$= tria butter • 
• 05:t, arttttotal se. watert Mlt strength. 11;11'111 and 
I ......... weft gto- 1a 8II IJroth (Dlloo). 
fl\e 'baHeria .. plo,..' __I])l-..m_l", .eaopblllo, 
te.e ... atl ft J Xl 45 •• "anl$l", m •• oph1110. tementatt ft, Il 18-
noa-awamer, Ii",obrophlllo, o:d.4atlftJ ,~.a1D1Uabt~'I. 
8W!lmer, mesophilio, fermentative; and Fiallole1*a ttph1lma-
non-.warmer, mesophilio, termeatatlve. 
;~1 th the teste at pH 6. 1, 8, fllld 9, til oontrol medl_ was 
1nclu.4e4 and a43wrted to each pll and 1ncllbate4 1n duplioate at 
20 and 30 O. !b1$ medIum consisted ot Oa~lton ••• 2%; yeast 
extl"$tct,,,l;(; rna butter, .05%;agar (BBL), 1.5%, artl£10181 
sea water, half strength. The teets at pH 4, 5, 6, ~d 1 inoluded 
a control me41 um of the SSJlHt COil IlO a1 "loa ad ,..ted to a :pH of 7.5. 
fhe teet at pH 6, 1. 8. and 9 _del" an~.eroblc oODd! tlone 
Inoluded a oontrol medium ot the above oompositlon adjUsted to . 
eaoh pH, ead ~oubated anaerobloally aad aeroblc~111. Sp~7 
dishes with pJrOgall10 aold and sodium carboftats. and sealed ~~th 
"pIa,. dough,it were uso! to produoe anaerobiosis. 
v. IVuua!!1 
A summa17 ot the results Hlth XDl, Xl> 46, IP 18 aad :. 
l'tlll&~J.1 at pH 6, T. 8, _4 9. w1th frls butter and with no 
butter, is g1ven itt fable If (P*60). ~Jltll 0;( HaJl, X,'Ol and. 
XP 46 dld not grow at a:tJ.7 ot the FH values with or ·.'fithout 
butter. r'~U!Uh hovever, grew under these oQad1 tlollS but di4 
not srwam. XDl and XI' 46 swarmed between tbe salt conoentration 
of .5~$:$ :at 20 O. a.nd '0 O. u~lng Tria bu.tter at r~ pH of 6. 
XP 18 grew 01117 a.t a salt ooncentrat1on ot 2f. at this pll. 
f£2t~~ showed eome degreo of swarming with a salt oonoentratloa 
of .5;('-4% tlith snd without butter, but dld not grow at an1 pH 
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w1 th S!I laC}!. tDl:!llla :u;P 46 Valtn growa at pH6 H1 t Cl(>ut buttGr 
swarmed ",'1 ttl a snlt (Hnloelltl:'atl~n of l~ to 4:'. but oa11showed 
.~rowth at .5;( 01" S~ !f801. 
At f;il 1 w1th bUttor. Ill1 &lul Xl 46 8hon4 !J'IlIi3mlng nth .5~ 
to 8;t lIaOl. Bowwr, yllth no b\lfter they did not swam at .5~ 
salt_ Xl? 18, ,~t th bufte!' grew a.t ~o 0., 'With .5;1-4r' VaOl but 
with DO but~.r .h·:1'~e4 Sl")~t. Olllr ,.'lth 2:f a1l4 41' lilaal. EPUll. 
sva ... with .5(..4;( Ie.Ol t lidth or without butte:-. 
~'1 til M. lAlfter tl t pH 8, Dl 3Dd XP 4G ewaraea wi th .S:t.8:t 
!taOl. BowYer'. with lIO ·bUtter •• ltM.%" eWl\ftt1td 'filth .5;1 8t11t ea4 
oll17 X1)l swand4 With S;(. Xl 18 IIbOl:io4 f~l"'Owth "jlth 1%, 2';t. and 
4,:( lfaOlwl til bUtte,. aa4wltl1 .5%. 2;r!. !&Qd 41 ~1.thou" butter. 
filt'1l1 .warmed at pI 8 '!<11th .5~% I~Jl vita andilltboout butter. 
At pH 9. _el tiler ll)1 .or IP 46 Elhowed 3Dmlngtfl th .S~'! or 
8%, :laOl\lil 'ita or lit'! thout 'bUttor, whl1~ tbtlT d . .14 enm.rm \,11 th l;t, 
2;(. _4 4;( .alt. :IP 18 aho ... ,ronh with 1%, 2(. all" 4;t lla01 
~<ft til, butter aDd lil th 2,r flU .'" !faOl \11 tkO\lt b\ttfer. Swaftlq 
f)oGUm' "'lith tas •• at a .5k~ oonc(tnthtlon of hel but l'l0" 
at 4.1'. 
Oert&ln paris ot "'. experl_.t ve" repeat.d to ".11..f'l' the 
ftOa-.va1"lt111@ of r.l)l. Il 46, _4 f£9l1l1- 'filth rna bu.fter, at 
pH 9, X1U rUf.f;\mGd witt! .5% qd, 8_ 8aOl omloellt~itl(Jfl when tJao 
, •• t plat.. were tao.bated for :1 ye d.,.. at 20 O. U-'6, 
lnoubata4 tor t1.. dQ13 at 20 O. a120 ahow.. 8wU!"fldag 3 t pH 9 wt til 
.5:t la1,]1. At pH , Xl 46 $waned v1 th a,: lIa01. qd at pH T, bot,h 
x:»l !!Aft. U .\6 ftftl'lMd 111 tb e;( 11.131. }iQ"ftr. at pH ., ;,,1. t11 1lO 
'lJut.t!l!r. :tD1 did no' S"'~l" ~"1 th .5'( .a()l. 
On nptlat v1 "1'1 Tria 1Nf·t~r fI2!1II d1d ~ri .vah wttk 4~ 
Ja01 Qt pH ,; r..,ad O~ 1.01 a' 1)! 1. eVfl~ 'lner tlvG4a71 1n"latt.. 
at 20 O. a~peat •• eN do •• l~ttllfto b.ttel" 't'ttth 0$ I~Ol :l!;tltt ... ~ 
"(I':l1 9'p.f1 1. fbe 'late~. ta trAe O~\~.t WtlU·. ~':r!$~k \.OQ,ttl!:\'~d 
id.th 0118 loop.t'tll of tl '24 hOV ':roth O'u11alre. O~ teu t •• t pitAt •• , 
tanh"f4 fA, ~Q O. tor 4a h<'IUH. ll0:8-lIW'l:'l'l'lr.b.:, ~()lQltt •• W-!%"tt 
obtala.4 wtth O~ II1Q1. aaYen '~8' !11atEt. l~l"h 4, laQl,at 20 n. 
,howe' aoa-.,"G.41ll,Z ooloalli)ll 01.\17. 
Tht espet"l.ldllt Itt pH 4. ';' ~atl 6 rl.th ;,ot,,:uJa1 \'OIImOllOpMepbat. 
ft."llt ... 1a b:y<lrolJ1lt. of the ai~r at PI. 4 =4 ~B 5. Per this 
n-_." the 8.tl" • .,.:r11Hftt va.d.lflrtp";ll'th'd. 
111e •• :perl.almt at pI". 5. •• aa4 1. 't:;,lth :to bUff,)!" and v1 til 
u.C1, 1 • ..."anaett 1Jl f8bl. , (,.). IIdNl1 •• of t» agd 
oe~4 at pH 4 ~tb .0 ~ •• aa4 at pI 4 ~4 5 vltb -,,01. 
io .. " ... , .lao. no grGwth ••• lItal.u4 \f1 t1'1 tIM aarlae bttO',~rtal 
8waractn at pH :; ~1.th 1'10 butt.r,ri! .. ftG ooa~ld.re4 tameOi'UUlall'l'_ 
1ft thl. e2y¢~II:'ilisal;J;M :LtI1lt.nr.lt ••• n"~tl1n.'e4 .tor 
Xl 18 duo to \be 1~lt.4 ~ ~ of the la'.er. 
1. 1. tile :vre'9'lou _%pert .. , til til DO batfer, xm. aa4 XL- 4G 
a14 aot ... at va , •• 1 with .5" 8601. A1G.otl8h ,., 414 .... 
... 'dtll 8$ ... 01. 1t ll.t:te aln&4J" be ... bow tllnt namlas 
ooouro em f:1rleDded 1nftbatloa.~su! t! w~re ~omfJ'~htlt d!tf'erat 
~lh.n 1'1\01 _8 ute4. 
~¥l'h ~Ql. at ~11 6, XJ)1 dd Xl 46 414 aot l!'Olf wt ttl o. 
laCll. Bot. organl_ twnmod l11th .5~~ anlt, !.fhl1~ both aM_a 
gl"O'lb bat ao _wal"f1t!ag vith 4% !faOl. -&1tl:1o:1' £",W 'rlth q B': _1' 
o ono.'re.tl on. At pa 1, .either Dl DOl' D 46 gNW -wtl'l_ O~ 5aal. 
3wnt11'l.g wac cue"~d wltll both Ql'laaltlllUl 1llth. ,.5;:r-4~f l'aOlanl 
g.to'V\ll (tOOUlT:J4 at )0 0,. wt t11 8;t .~Ol. 
1I ...... tt:It~IIG. she_A &l'towth at 20 '. 11J1d 300. 
at ~p!lnlus of 5, G f aad 7t4 tb. !l0 hutf'ar and !}B 6 _rt 1 w1 tb. 
llH.\01. esoapt 14th 8!f !Jat'l (ta'le V, pe'. Hotteyer. 1. 110 06" 
__ .W~l.J!I'Il1aS lnd:&lo.4. 
?aStll I1aa:MJria (fable V. PJ6J) ,"11 11' emlt ooce .... H't •• 
ot.5;(, 1~, _4 :~~ :"I, pH 5. Bow ....... , 9"Jl1'rC:UlS oocun"t cmll at 
30 O. 11a11a!' n3ulto wra (1)'&1 •• 4 at pH 6 !lIld pit ?d.tb. 110. 
butter ... 1. tb,~ ~ rev1Oll1J fj.xperl ... , (1.:~bl. 1ft P«t). tilth 
~Ol. luaue; ooournd with 011 _e.01 At ~lH 6 at 20 0. ;:'414 pn T 
at 20 0 .• cd lO O. Ii1tlt"';C laOl.811tf,Ni.q 00 ..... 0.11 at pH 1 
at 30 O. 
In the .r.Pert~.l1t at ra 6, 1. 8, en4 , _dol' Q.D;aet'Obio 
eoafltt.on. (table ", PC? ), m d( D' 46 did ~,ot g,row with 0" 
la01 al1d 41et 80t ttwarm 'W1th .511&01 f:tt u:r pH. At ~~H 6, 1, e. 
an. ' •• v~rmla!: oocune4 vlth l~~ la('11. 8c1l1rftr, l1dt'b e~ laOl 
$tm.nlag oa11 oo~4 flt vB e with .tM. :'''1Id pH T _it 8 !d.Vl It-". 
vad ... ansHn"oblo oOlldltloae Xl' 18 d14 aot grow at pH 6 vtth 
e:t11 8al' CQaoen'ratio.. At pll T, gronh OOOUl"l">&ti ~fltb 2': lhtOl, 
at pB S 'i,'lth .5t~, 2%, ~lA4 .''$; }faa1 .4 'itt pH 9 trlth 2'% @d 4'( Inal, 
i).t 20 O. Bo lfUI1!U'm1n6 WSll 11l"_oe4. ,~UM did not SW6'U.'Ta at fJA1 
pS wi tb O~ aa' 4~JaQl and did not grow wl.th 8$ WQ01. \l0lH 
degree of .wa~ag wag e~blt.4 at all pH vnluea ~~th .5~2% 
1f~al. 
1ft tbe tl~g611ntlaa studt ••• wbere XDl aft. II 46 414 .0' 
.waa. the OU1,,," W8· OOllpo •• 4 of polar JIG.atriobous .. 
a.tlapllate "11.. Ooo8al0.tIlllJ' 1!l 01111 WtlUt 8.81\ that poG$e8.e4 
one or tlfO la'e'tal t1ag.ll. sa4 OOOtudcftal11 a tew 1008e la'em!. 
tlaaeUa. weft __ (wan 1 .... 1l .If). How .... _, wua D1 or 
Xf 46 ."tu •• 4.tbe oul.u .... _ 001190 •• 4 of oel1s with a_e2'OUa 
10.'\G81 tl~.llA ale 100ft. tl&,.11&. 
,~DSIII ooloalee whioh 414 no' .waN aboveapoor 
tlase1latlOlb At 0$1,,01. the bl1. or al_pc of oe11" lie" 
md.alt atlasellat.. Ye:t1 rew 11. lan'. were ••••• 11Ie a.a •• 
t.ft. with 4!tf hOl. lltth .S~ l'a01. at lfhtoll tEl'" .am_. theft 
__ bea". perl tft obctut nagel1~tt.oa 'fi<1.t" tacae Ill .. , toft'}a.tloa. 
Wi th 1_ l'aGl at pH 6 the .. wore .ou ttl .... ,. rr" ••• ' t ., _ot a 
peat _.ber. !here._ .. l~rp a __ l" ot ln4''''4ul weU 
t1ag,llate4 cel18 _4 eall clupe.So","J.l, at this ... $.1' 
OO!loentntloa ~t pH T. ~lt!lo.gbtM.re wen soa. ladlvl41VJl oe11., t_ nlture waB OI:)m~io •• 4 -1.17 of MaTllT tl~.113t.4 tl1~at •• 
· nl;r 114H~rllT t:llt.f.$l1.~t~d 1 ad 1 'ri.du1 0&11s 01'" C18.FS of. C:GU" •. 
7'ht1fJ, whe lDtlll 6~~4, the lndln4ual cells" the oells!.. 
the olumpe, .a la the ttl_d,ie shovett llael"O\1$ perttriol1ftl 
flagella. 
1). _ .. a&sa 
ftlf data abo" that both pH qli tleotrol7te o01\oeatl"9.tloa 
ou aftect tile InW1h _d .w~l1Ila6 1Mh;;:~vlor 01' tbe or,"'._ 
test... Bo~ver. the ott .. ,. ob •• ~4 uader a ,1~ •• , ot 
oon41t1one are aot the aue to~ all the .e'.ria tes'e4. ;\1 
bas •• il prev1ous17 etate.. SO._I.nOll (1961) toad tbllt .OM 
1.01 !ll tu .. 41_ was u .. s.a.J7 tor 8WtlX"IZtt'4h BowenI', whea U 
subatttutecl .5~ d1bn,810 8Nl_ pllospllate. dl1HUJ10 potalsl_ 
~"ho.,bat •• fl041_ .aftt., 8041_ ftll1t., .odi_ a1trlt., 
pot ••• t_ ohlon4e. ~_ ohlol'ldt, 01" tern •• ohlond. £'or 
•• 01 • • ~tI& ."11 ,.eult... !baa. 1t 1. aot laOl alaa. thft1 
;,,"ppon_ ... _1_. aaa". (1960) aleo above. t1aat .. lthe.- 8041_ 
ur ohlorlde, llor the .OII_1aat10D ot tile two 1s ...... al7 tor 
___ 1_ ,. tab plaN. It alllO.' .,. •• 1' cae ... "port ---:t..as. 
l' •• no' be ., par&lala:.t l_that 1. ft.oe.8tll7. All , .. , 0_ 
be etat •• 1. that 4ena!te e ..... tft't1olts ot ea.1' are n",~._q 
for aftftJlaI. 
!. "'adaM. 
TIle ubo ao1d "Q_mate of 801M baot.na have bee4 
$t114184 1a 4eta11, •• in tho ... of .I_ as,1.Howawr. 110 
.'1l47 has been tlf.\\4e oftbe •• ftquftaeata 1Il relatloD to 
r.nm.1'Id.ac.. 
n. study to be pr1Uut.' • .s .e 4 •• 1!SJle4 to t1a4 it .. 
salao ao14 (.) 1" .peo1t1o~l17 ft,.ire. to taltlo.te 8HUlftllns. 
Tble mlillt 'be an tn41oatloa tlk'l't a •• tabello p;~th-7 was 
18901 .. 4_ fbi. patbwar Gau14 tbea be 4etermln.4 aa4 stadt.t 
1a •• 'a11 la "lat108 to 8"$ __ • 
B. IdIDi ••.• , .• atu 
··rbe tal tlalbaS3 me41_ mlplo,od was o,JnlPolJut4 of ~o41Uft 
tloeta'ltt ••.• l;{. (18.'aSO,.,.t .l:.c, l'aQl,2~4 Me 'bUtter, .O~tt; 
llgar (.lUJL), 1.5%', .artlttol.1 flfUt. vater, 1 ml. 1)fjl' 100 111. of 
me41.. ,BP04 .olutloa (_1,1), 1 al. P1!J1" 100 .1. of 11\(.;'41_. 
Ttle Naction TIflt1i a43u~"e4 to I·'S 1.5. 
fit. ~1I1uo 8clda - amiaiBe t hist141a.e, 1781119, 1811Ob.., 
l\)ol(naol!t~. mat'bloalae, phen7lal1lJl1ae. th.reonine, t17ptophtUl. 
~ valia. .... W~ ad4~d tQ the aboTt 'bt.t:~. Vttitdlu to t1 f1ael 
o >110 entl'&tlO!l 0: .l~ ~ !Ml,tcd •. ':41ua was B,!u111 brat" 1u tl 
plAte. W~ than drl$4, l11 th dl"Y1!lr~ 1143 101: t1'.1.ree bO'tL¥fS at 
)0 O. !'he plate. vera d.l v1ded uto tou q.adp.Ats na4 stab 
inoculated w1 th .. 24 hr. broth oul tUft of Ul, D 46, bib_ 
.... 11.1 ••• 1lAa9llQl iI.IIIII.1t theF -" ..... alte" 
48 .... ad. afte,. " 4qe laftbAtloa at 20 O. 'l'be __ .-tut.,t 
4rtt.a1 8J14 • .,uli ... ,,._ wa_ ,,"4 1. all expert.eate. 
taoleuotae _4 ~1al_lAe WOft tcnr"ted 1B ooa ... trattoas 
0'1 .5:(, .1;( •• 01", aU .001:', .'las: no. q. Xl 46. to eetabltah 
the ~aace or o .... tftttoa suit •• tor th ••• tmoteda. 'file plat •• 
w,re laoubated 48 hr. at 20 O. !!to IJIOwtIl ,..",. the o1'tl1ul •• t 
01 plate. __ traaubr-rea _to a .. ooa. set of identtoal 
QOIIpoal'l_ to et ...... aoOaft7 OftSt 0' mrtdmtJ f1aoII the "ook 
•• 41-. Me !,':ron4u. ._ 1'011.".4 1. all n"'''' ,aped.-
_,.. la tld.. .4 aU .... q_., tnooulatto •• , the _rta,. ot 
the plat ••• ,00000000tl vltk aw1n ••• 41 •• *1" , .... 'all 
laonlakt. A aUdhl" Uper1 ... , atIollaa .. 8041_ aloe'at.", 
).)a. .... t 'l'" tollowlac _lao add o_blaa'll .. , 
1) Ja.. pl.. -liltame ,1u tacl_1M 
a) JaM plu klatt,!.u pl .. t •• leuo1ae 
') !k&H pl .. 11UW pl_ l"leuotae 
4) lase pl_ lftc1ae pillil leole.1M 
5) BaH plU u;1alae ~l .. 1l1atld1U 1/lu 1IJolouoble 
6) Ia •• pl_ arculaa plu ld.at141no i~lU8 1.".1.e plu 
l_l.aue1a. 
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The plat.. weN iAonlateC \1.·1 til & 24 hr. broth culture of Xlll 
aa4 Xl 46, .ulanbatel 48 hr. at 20 O. 
two other _se •• 41& were to.t~4 tor their e '0111 t,7 '0 
BUpptt!'t tM penh ot xm. U 46, £alai lIi£IMitJal. aa4 
i- sz._.. lltbol' 8041_ fRtoOUlate, .1~ va. 'WI •• '0 
l~plao. 80.41u8 ~O.'ttU. or 1:041_ oitrate, .1;( raplac .... 
8041_ •• atat. 1a tile onglraal .". _11_. ftle ,la' •• _ft 
tn._tad for 4B u. nt 20 O. _d then eSDBSAa4. 
Jliplo71Da thCt 8'041_ .uoos...to btiH Jl'Ie.dlta. ~, pH o~ 1.5, 
alao &Old. were Q44e4 tact!. vidual'''' to a t1Ml oO¥lIHll'ratloa of 
.05%. tUn weft lJ'I1M, lflUC!a., _*lalM. th.r'eoalu t 
tryptoplmll. va]J.aa •• ~r1lle. a~pan1. £\014, alM1ae, PI'Ol1ae. 
i1701~ •• oa'th1a., al'CiatM. 1 .. 1 •• lJote, oar! ..,lal:.vd.:ae. 
a. ,la .... weft 1.00.1&'94 nth .. 24 n. l'a"otia cnaltue of tm, 
n 41, ,}a6Ia!llt SI!lIWmIlta, qd Imlaalla\llU qt 
11ioubate4 tor 96 hr. tlt 20 .,i '0 a. 
_ -xperla •• t ua1ft8 tile 40.t_ MlOolaate ..... 1lloorporat~4 
the foliowta, aatfto ~ol. OOltldllatloall' 
1) lb.. plu. t!'1Ptt'lr,thaft pltte .. "Moab. 
2) Ja~. plutr "l7Tltophml pl.. $f.ni!1. 
') :ga". 1'111$ tryptt.Jph."ll'1 pl\t ~h~tt,la.lq! .. 
4' :BtU!. :vlU8 tr,ptop)l,fi.ft plu leuolae 
5) Jae$ 1)1 •• t17Pto I,;h-'l8 plu l$oltuc1ae 
6) Dlt.ae plUs t'r/pt0 I'Jlp,.D plu th.reoDiae 
1) Ba~. plraa •• th101t.lae 
8) Btur. pl_ MJ:1.ae 
9) la .. plu t1'7ptoph,aa 
11M _lao a.lds We" adde. '0 .. oal1oeatratloa of .01';. fb.e 
tba,l pH of tQ modl\1J!l we 1.5. fWntJ'-tov b. brotb oult""_ 
wen U •• « &1 lnoou1. otIlI. Dl. XM6, 11'45. XOl,. lOS. !'22. 
xn4, t15. XQSS, 1:040, :I'lll, Xfll. DOlO, X06. 106, Ul, 
2m.a. 1.),.'1. !SaP. TIT, D14. %03. FA. lUlU. UlS, 
I. ILaM.& •• ad ,i. k3lalad. Ot the... 1D1, U46. D4'. 
IS09, DT, f04,l.. ",,;lIllY, _4 2Z1e_~ weft _.ftlMrAt. The 
plat •• ware taaub3t.4 tor 1 da,. at 20 .. 4 }O O. 
Se. water agar Qofttro18, pB 1.5, ooapo •• d of aaattone, .2:1£; 
10&8' extraot_ .2 ~J Me btltt.r, .05:', agar (BBL). 1.5%, 
ar1;1t101al aen water, hal.t .,re_ttl pre 1aolu4~ut w1 th eaoh 
eXpGl'la_t_ 
o. itli~' 
The re"ult. of the ~441tloa of amino aold. to ~ .odlua 
ao.t~t. btUHl are oholilft 1. table VII (p. ). At the end o~ 
.8 hr. lncubattoD, 1. UEfiLJ46&1 =4 1. U;4J,&Ii£1. 414 not grow, 
wtupon ~nll8de4 1nr)ub:n:U.on of 1 "J,a1'8, growth occu,1"r",:4 ld. thout 
eWftllll. XI? 46 8vaa~4 ;t\,ttlfJr 1 d~t7. lnoubatloawl til bistidlne. 
1ft""., 1s01eu01ne or t:l~tbloal •• 1a the m$dlua. lWl, oft the 
other hmad, l~ho1f:ad la1.tlal 8vlam1ft~ ~tt~l" 48 hr. lI>1.th l&oleuoue, 
phe1l71alaa1ae, thraon1De J tl'7l";topb,aa. or valllUh After T <tn.,." 
of laouhatton 8W$NlnB waa alao ende.' 'wt tb. h13tld1Ae, lreble 
l:!lld. methlontas. 
Aa caa \)$ Hen trota fable VII (pn), a_MaS' waa tiftt 
appanut alter 48 hr. 1a01lbBtl()n~f1th the ltJoleuolu. However, 
a_alas va_ !Jlh1blted b, tb~ addltlc. ot lut'th1orlS.1le to tha 
laoleucw •• d1U1J aga1a la4 •• 4 with ph>l1l7lAlalAa &44.4 1. 
3441'1011 to the oth<lr 'two bUG' 6014.,. }'or thin rea.OIl, 
laoletu'Jl ••• _ ~tu4:1ed with ""1'1,0\\8 t}cmbtnatlc!vs ot _1ft. &014_. 
fablofIII (pfl ), "hoWII th~at lsclilluclne lljl(u~e 40&~ aot 
prGmote SWtu.'S1ftg fitter 43 hr. laoub;:~t1 t)fl.. !.ow~,}.,el". upoa 
traader to the 1JE!H:t"l14 .eet of pl!!tt,~~, 'tDt _Wi"': ... at e. 
ooao_'~,tton ~t .l;~ and ' • .:,.'- 1.Dl IWIU'8(U.i 1nltl!illy Itt a .Ol~ 
OOlloutrt3jtlo:n of pUn11altt.a1ae aut! 011 tftB:atel", ~"flmmed ~t all 
coao.atntta., teete«. IP 46 did Bot fJ'W&l"m tlIt -7 00110.l1t"1;,\1011 
ill! ttal17 or oa tral'l~fer. 
!able IX (1'" ) aummanz •• tb r,untlt9 ()bt~ltl~H! \;:1th 
leoleuolne aDd other alao ao14. 1a ;;}, so,Uum Qot)tG-t$ ~M. 
After 48 hr. 1ftollbltloa, XP 46 abon &0 llwamlAg Wt1. tb. o.a, 
o01lbtnatloa ove.n at'te, r~t.n{loul,i~tloB. :ml, on the other b~_. 
ftwa.m8 lnl tls,ll,- wh(~!1 hl.tld\M t leuol11c. or ~'tr!";in1na n.l1d 
'1 
h1.t1410 aN adA.4 to lso1e.lae. OIl relnooul3.tlon Dl alec 
swams v1 th the add1 tloa of lyrd.ae. 
~ sodium oltrate wn~ substituted for ~o4ium doe tate In 
tho ba.. tn.ttl_. XDI ~:a4X1' 46 .howed growth hut no 8W'.lstaa 
!'ltte~ 48 hr. UlllUbatloa. lIw;lt;P .•• ~D •• ' ?lAd o,topuga 
1811.4 to g1'Ow. 
Wben tile Md.Ilo ~io1d. \f$" t.ate4 .1nd1 Yldual17 SA a 8Q41_ 
SUOOU.". base (fable X, ,. ,. both ;an t'lftd Xf 46 .'13l"tIUHS with 
the aids'ttot! ot l1~dne, 1IU0111$ 1# methloftla. I thftol)t.e. aJll'r.ll"'tlo 
a014. alaata. (oni7 at '0 a.). prollae, glTolaetilnllthtae .oX' 
l'Jf.q1a1.a.o.11l1 !UBe swaftJe4 dth th~ 8A141tloD of pbAft1'lalaa1lle. 
However, IF 46 Gwnmed on1t at )0 O. ~l'h prollM, gl1'oiae, snd 
arala1atJ. OIl tr¥,111ltt$l" .. 4d1 tlo1U,1 11Ij u .. ,tl1Dg ot Ill1 ~la4 11 45 n. 
obt.atn.e4 , .. ith V't\llae, at 20 O •. 7Jftr! 30 c •• ~,!lth !,!)olt1luobl. at '') a.. 
IJlld w1th alsaiae e:t ::0 o.xp 46. O~ t.1'itl1ld'er, 9l4amed ., 20 O. 
with prolill •• g17e~n •• arc . a:rslltla. 1UJ 11611 <SlJ at )0 O. The o.n17 
qino ~ald8 tb.~~t dl d not ~\1~l~;4rt $~m1J1g of XM. Ciltd. XP 46 ~.re 
t:t7l'to;,han ~~nd serlne. ~ov.V'.r,gerl.a. 8urportod the lnflU'l2iag 
01 '£SSI. at 30 0 •• Oil t:l'&n.tlJ~.i:mSw did. not awarmi-4. 'he 
a441 'lea of 'l!tl17 of the ottuJr gUo ~ulld!J ein\11oye4. As O~·l'l be 
soentrom febl(l X (P"1~' l4,laeA!1iaWlU3 not l!ldUoed to e_n 
\)1' ~ of the _ino t\c14_. tJ.ltho~b ~rowth OOotu!'re41a all 
Oa.~. lal ttall., or on tN11~ter *l,t ~~o o. (~ )0 0.. cute.rt whall 
l1aue ft. added to the 00 SEt ~edlUt'l. 
SinOG 't17t,rto ~ib._ e£l the onl, wao 7,\\014 tooted tha't 
Inhibited SWt~l"m1n;~ ch')llk"let,,17. ~V'O,:.:l on extetlded incubatioa, 
tae ~:lpor!m(utt rlIuaI'.nri%:04 in !~ble XI h;-1ti wa", den.oct. 
ntttereat ~lno 1:\01411' w~re added (rlth tryvto,h;;l.~, to n 8041um 
DucollN.te ~". or the b.'lotl':tna $mpl01*d. XD1. ,Xl> 46, 11'1 45. 
1'309 t 'fa? t 104. 1.. .alAU.. .. SlZSSIkVt! .rn. .vancn.II •• 
Of then.. QQ.17 1.. .'a~»'1 ~ mila. ta11!ld to lSRm 0Jl 
thG baQIl aloa>,l or >~f1"h ., ~tno a41t1 ooa'bia,g,t1oa. f4\18 n 
111ut1'$.t •• 'b;!i.t !!Q(tl\ O.btQ.fl.tion of i.laO a01d",. except 
t.,rn'Oph.<U1. dl! lfUpr~1t't _.Ntac of "t lftaat tvo 1)&.C'tel'lal 
aftNew. 1'J.w 0l1l1 bao't$ftt. tha' ~.,.d ~:1. th tl:'1ptopbaa .. 1 •• 
~f~S 1'04. :,!(hloh 1$ 1ndol l'l$g.$.tlve. Tho li\~mUW;l~.el"8 weN not 
1aduotd to !l)r~~ 'in tll q1 C)~r ihilQlnoaold o;)l:rJblnZltlOtte. 
1). IM .. d .. 
Ia tbe laltlal e%p~~.t., 881ft! tbe .odiUM aoe,at. ba •• 
lt appeare4 tbat til •• _lao 6.0148 hPl?Oned P4IU1'Ii1ag. Howver, 
n._<itteat .~r.tJte!'lta wlth sod!_ 3uoolae,tel!hond that ___ lag 
oft_ aariae •• '.d.a .. npvorte. b7 the- b.,,,.. &loa.. ftte 
.«41'108 of e:a1Do lilo14_. theHtOft, ~" ut nqulre4 ro:r 
___ lag to occu.r. 1121111, 1a ooatRn. <114 80' GWiU'lI oa the 
••• m04b. U191UJ Doliut) 'ntl ad4e4. 
3c41_ avo-lila,. "fA" 3ub"! tute' 18 the be." M41 WI to,. 
!1'Jodlu detate ~la_ better gronb .- obtai .. a dth £lUm 
aU, a._Jd:.I.Altlo, tlW oo~aoe of gro~h ad. .vand..ag 
" 
with the earille b?;tcter1a teuted ahow~d ood!a ottool~te a bcttftr 
!1rttb$tl'ate. 
Of th. ~dno t:.olda '''!!tted t.r,fYttl)}h':.!l 3N}eare to Inl bit 
::,~ru."'m1nt:. ;~1:a. tilatllat't do.~ not taM bit $wQrm1:a~. the ln401 
I,o:rtlO1'1 of tr.rptopl\~n .~ W 1DvolvtlId 1a the lnhl.bttlca • 
.• 0 OoaolU81~ _v1«eno. b$8 betn touad tor ?~ aMiao &ot4 
!Yfi'h_,. Sa ~) .. at1cu to -.ralne,! th$ addition otqtao acid •• 
K4rlae eWNens 0'1{11 Md '<'t ~IjJ:a!1!'.d _ ... tD1..~l .i~d.ltu '",1.th~'.tUt 
(lddt t1011 or ~., r~bo ~tc1. W11.\1!- tile ':'In17 :;te(!ltll"O •• t letr 
lD1!BI \0 .wam '.\faB the add1t1q of lIer'llle. 7i'lert~to". 8111110 
E10ld metabOlism mq btlt!~~ Q,(l dlreot Hlr~~t1on~h1I)'O l!w.',rmtna. 
1. IIlIIau18 
fa O'tlap". III l' W1J .bom tbat theft i. a reliAtlo1uddp 
.. _ .. a _.alae qd el.eotroiyte ~ono.D'rat1l)n. However. a,s W8 
re;>oned _ sebael.~olt (1961)., BaOl 1$ !lot the oal, salt that 
tdll •• ppon trlfRfttaa. Salt. W1'e ;.~nO.d to 8t'" $; maNl" of 
41ftt,..., QOIIKDa.tloa8 ot10u. th., wera u;ua4 1B a 
oo ... t"ztatl .• tbat 110\114 approxl.,. tkG.al' o_t_t 01 
flrtlf'lo"al M" vat,r, hut n~ aU. qu.nar atreqtht 
13. IIt ldl11 ,i!U,YtIlJwd. 
Tb.8 laaa. _41_ emplor-4 OOB.td.8te4 of Oasltotte t .2)C, 
,..,." eztnot •• 2;(, b1.s buf'ttoJ.', .05.-, tOll agar 12 (Oxo14) • 
. 8,~. 4.18"11184 ¥_ ~o thl ... 41_ waa a44.4 '.noWl eullate 
(JeSO",1BaO). fJodl_ a1\lOaate (1J&O,wUo.," feni.o .111odM 
(JleOl,), teJ'Tlc sulfate ("2 (10.), x ~O), 8041_ sulfate 
(laaIO.', 80dl_ at. t2:'ate (Ia.o,). _oat_ 01th," 
( (mr..)tflJsJl,o,), 41lJa.l0 a041_ phos,hate (lf8JHi04), 11_0 •• 1.. 
8041_ phosphate (~P04)' potaael_ ohlorl4e (101). pot .. 8.1:WI 
sullate (~SO.), til_rio :.pot$)'!~l_ •• ptaate (~HP04)' raoaobulo 
1'otao1la pboepk.ate (~ .. ). GiamOU_ ohlo1'l4e CJ'll4Ol.). 
)4 
ammol1!.UII salfate ( bnl.\)~S04)t monobasi0 e.mmonlum pho~phr"te 
(rlu..~P04). 114\gfteol18 ohl.orl.4e (M~sO~.6120)' a:l;.gftEulIl18 sulfate 
(Mf.~804.1B20). MId oalol_ ohlcn1.4e (03012) h a 2;; CODOQ':ratloa. 
l 1h.e baa. alone, with no $;7.:~lt addltlon, 1(1'115 us_a as a oontrol • 
. ~~Q. water agE~r conalst1np: of OIic1.o1tone, .2)~; :rQu:"t e:rt~:lQt • • ~~~r 
rns bU'ter, .05%1 ion :Jlg's,r 112 (Oxold), .85:;(; artifioial aae 
litCi tar. hsl.t .trength _..if) a seoonA con~l. !be pit of all m(uSia 
-- sdJu.eted 'to 7.5. 
TIlemelt.d Cle&r -_ eq,U111b.t"ate4 1ft e. 50 o. wter bath for 
,0 ainn •• botore po~ lato plaetlc l'etrl 4tshef,. The platen 
WON tried ovem1e:ht at 1"0_ '.mperature. thea div1ded into" 
qua4raat •• aa4 iDooul.ata4 wlt1.l a 24 hr. b:roth oultlU"'8 of the 
t~at 'baot.riG. Inooulatloawaa qCtOaplt.s-b.e4 19' touohing the 
wrte.oe of the 3.p. nUl a win 1'l,1$.dle. The platos weft them. 
1ncubated at 20 O. alld )0 Q. tor 48 hr. the ten baotena 
empl07ed weft IDl, U 4f. D1S, &a4 ,li:al,. a\"W.ta.I. .~ 
expenm«tnt wa. r'ollGated, uslas .trGllh 24 br. broth oultures. 
The ex,Periaqt d.:~orl."4 ~bove lirA. re:;~.f.tted usiA, a l}t 
conoentration ot the s(~lt$. An addl tional oontrol oQnDl~·U.Dg 
of 1.5:t' ~gular ag(;.t'c;tth nrtl.tlcta.l sea 1i:;:~ter, hillf strength, 
was alao laoluded. 'lhe tefJt ~loterl!l ',!tU". )ml.. Xl> 46. X,A;? a.n,l 
c. MllltE 
108.& ot the test br'lcterta grew 11'1 the presence of a 1" 
or 2~ oonoeDtrat1on of ferrous sulfate (!able XII, p.Tit 
Table XiII. P. al). Also XDl and Xl 46 dld not grow 121 1 
or 2% ammonlum oitrate, nor in 2% ferric ohloride. 2)( sodium 
Bulfate was the on1t o~lt that supported the growth ot the 
PST0hrophl1e, DlS. 
The on17 salts ta a 2~ oonoentration that supported 
awning ot Dl qd XP 46 were ferrio 8ul.fate, sodium aultnte., 
8041um nitrate. and megnee1u ohloride (Ta.ble XII'!. p.'79). 
1% ferrl0 ohlorlde also lIupported the 8wrm1r1g ot XDl 3114 
XP 46 whereas magnesium ohlorid.e did not. (fable IIII, p.82). 
In sharp ooatrnst oaloium ohloride was the onlr ault, at either 
conoentration, that did !lot support swarming ot ~teM. 
The base aloae dld not support the growth of the marine 
baoteria and F.i:gteHD d14 nots1mrm. HOl',ever. all teat bacteria 
shelled grotna but d1d nO't swam w1 th the sao. water Qontrol 'flhioh 
contained 10n agar 12 whereaa the aea water control Qonta1nlBg 
regular agar suppene4 the swarming of x.Dl. XP 46 and Pm!U-
In no case was swarming induoed 18 the noa-swnrmers XP18 and 
XA2. 
D. DM'!s.lo~ 
The results 1l1dloate that there is no sp&olfl0 10n 
required tor swarming. In partloultu" ~E2teJl fSwarllS 1n the 
presonoe of almost nB7 loa. Sokolskl [xnd Stapert (1963). 
developed a. medium. oonta1nlng terrous sulfate, .l~t and 
3'( 
t~rrous: frlUOOftE~t0, .1:' that lnhlblttHl the ~:1'~t~:u:'m,ln,~ ot 
"'- J».ls~£Ut .1. IlDklkllh M14 b21iL~ .Q!t!llI. tb.G7 £0_4 
th~,t the ferrous nalt~ could be replaoe4 b1' .2'J: fer:rl0 .ultate. 
nOi'1~n!". ft, 1 01" 2~ conoenthtion 01 tlJrrio "ulfate ns found to 
support a.mUg; in the pro ••• ' 8t1141. 
It II oY14ent tbst ~:afj ~alt 1. needed for ooth gl"o~~h (md 
Slmraid.ag with 'h~ f!!'1r1ae baot.nat stnce neltM!' oocurred oa tilt 
Mfit$ _41\8 aloa.. fD~ell l'tUIUll· • .s so_ 8!llt t011 _.:rata,; td.lloe 
OJllJ growtJI ~1:th no SVtlNlug ",au obta1aA1td with lb. ba~a medi_. 
Aa waG SM'Wl'l la O1l6pt~r Ill, tba m~rln. bncteda. wlll 
aCtt gJ'Ow and ,all. will eot _._ at a. 0% salt ooaceatratloa. 
f{<')'il • .,.r, the lsok oiewaming Oft the set!. Wttter Qcnlt:z:ool wi'h toa 
agar !12 was _."l)t!U't~)(l. etae. 1t ooatnlaed q Ilde:qute salt 
(u')ftoell'ratlol1. nw nl~tloa of lan (&f:!sr J'2 to BVti4:rm1ag 1. 
4180_ ••• 4 lc Obapter VI. 
A. lata'Bdla 
fU _1'1.. banerla prod._ latcU:"t\l tle.ge 11&01 waft le~h 
-'f Oft aa asU avt~c.. lownr, ,,'.ace thll OOO\l.'r'a with beth 
.wa~ft _4 ._~n. PO.~ott.loa of 1"'01",,1 flAsella. 4cQS 
110t a.ppear to be t1le ",~. of awniAg but onlr d ald '0 .... 
hi. ~ same 18 'CNe ot' ba..,.rS,a that poaaeoa per1:trlelu~n. 
tlaaellatt._. 
!he pbyeloal qd/or ahealo1l1 .'at. o1:t1\e G,gar 8t1rtaoe 
IIl,ht be altered 'b7 the !moterial tnrarmel'n or 80M compoa .. , 
81,M be ~J1UJea' in age.,. that ltl.l tlattB Bwam1q. tbe etleot 01 
~o_ .U'taO(ts _ a~ra1ag ._ atudl.4 f'o.r Roll a 1'0881"111'1 • 
.. II1Iri". iii ,lIalVdl 
ftle _ .. _41_ apl0JG4 ... ine. 01 03>81to_ •• 2_, ,.88' 
extraot,.2;(, tri. bu.ttel*, .o,{, anl:tlo!al •• a water, balt 
e'reDl'lh. '0 this ._ a44." 
1) loa $.6!lc" 112 (0%014). 1%' 
2) loa ~Jar .12 (Ozo14), .85~ 
3' loa assr 12 (0I:01d) plas regular a~ar (BnL) 
4) AgAr-&e;ar " (0Xc14). 1 tabl.e .. o-f Ilgu per 10 til 
" :i18frUlal1 a~ar (sms) V;§tlJhe4 5 times, 1.5% 
6) ReSUlar ~ (DL) _abe4 20 tbl ••• 1.5% 
7) lIoble agd" (D11'OC). 1.S;1t 
8) loa I&~:nr 112 (0%01c1), .85~ pl.Ut! ,81atSA (Dlloo) •• 1" 
9) lora :"'f:!J;;,r 12 (Oxo1d) • • 85J' 1'1_ h~ ... lt100.4. 5% 
lO) Gelt\t11l (Dltoo) .1S;~ 
l:L;: ?legulAr UG<~r (niL), 1.S,~ i,l"8 "lll\~)bJ~~j ~11.0ft 
12) !$i,."\ll.tl.r fI.~;,~ (JilL) I 1.S;:r 1f1l1oh uemt4 aiIJ tl ooatrol 
ru pH of tlll _diu ~$ ~},djW.tt34 to 7.5. The ls;t gelatb 
j)ls' •• 'HeN p()~d ~;\.n..l" Oq:\l111lu.'utl0ft 1)£ th$m~lted 5elat1A 1ft 
a 50 O. .ate!" bath. '3.'1t.e lids of th{;J ~~lfls. }letrl d1~h •• lfare 
oMnsacl r4114 t.he pl.t\~t •• H" 1:)to1'.« in "110 :r.f"rl.3:t'U·~ltor until 
ua4. Attar laoO'ulatloa t'be plates weft 1.0\\ba\,.4 ~, 20 a. tor 
s.ft~ 4a, •• 
f.be cMllo1 ...... _ih04 t ••• ri .... It_.etl, (19'54) tatS 
GQl.ore4. fM .. laer .f the oellOpb.aM, 450-Pl-6a (DU.pa't). 
wa. ___ • '0 iSO-D. Celloph.- 4t.0$ were cu~ to a 41 .. ter 
oUptlr ..,1181' tIl_ tbat of& siau fnli. 41*. fte ell .. _ wen 
plued be'tween ttl'ter if~P(t. 1. III F"t:rl dish qd sU\ocls,vetl. lbo, 
we" 1'l$o •• OD. til. agel' e\U"fao. '--4tatol, after .nool&Y1as aU 
tu all' .. d,bles we" rub'M4 0.' ws.\h a bed ,la~u. rod. ft. aaal" 
va_ .,U111 ...... 4 1. a 45 O. water 'ba'th beton jfQUrf.:q, .d the 
41e4~ wre Jlluecl _ tile apr ~~c. Mtore t1t.e plat •• were 
drle4. Mr71D8 114s weft •• haa&e4 tt)~ tbe glaBs 11dft .. tile 
plateeweft lao.bate4. at 10 o. tOI' ._ hov to .ta1as.uthe 
water ot OODd.A$3.tl~ em the c.l10plLd4 f;Jumoc. 
111 alar •• 41a, ... p't. fol' tM OQllo};~ ,Plat ••• waa 
quill .. " •• at 50 O. M:ton pcunatt_ I ... 'Of 4M •• pla'.·. 
if."" d:r1e4.. ~\ll plat •• ft" 1..oculated ~. a ~4 hour 'br',.t'" 
cnllt1lN .." to~ tM avft •• of the qu, ,elatta, ... 
o.llol~e 'idtb. a. V1N _41418. Dul'lloa't"l$ w'oro Ute"bat". r:.t 
20 O. aftd)O O. ,tor aeftn 4,,7". ~;ha ~.te%'1a Oltl}lol'e4 Wrt 
Xlll. Xl 46, XP 4S. mag, m t Y04,lDS_ lI1D~\&I' g",atA, 
$!J;l! U2. ot t;h~a., W 1. a. De-W~3;me... 0lU.7 oa~ orsanl$~ va. 
inooulated {.lOr plat •• 
The Wiuln.!' ~a;$).r W$h," 5 t1ae:9 V:US lire v~1'1Ht bJ tt.ddlq 
appro~t.l, a lttenot 4e10111med wat~r to 100 Wl.O! ag&:f'. 
s1ULk1ag Y1£G:rcull' t .. 4 allold.ag the agar '0 eottl. to the 
1)0"". ot tb. tlas)"... !l.wt m.apemat~.t'imfJ thell 4U()i.,ato4. !lt18 
!'JIOHea was "~'t.tated tivet1Msw1th doloa1z9d wAte:-, qd twl" 
wi Ul a".'cae. After 'b. t1~1 d(tonn tl.l'l.t ot the tlcet... the 
~r ._ Iprod 1a a tb1a la,.~ OD ~1.'Id._ toll aad &110_4 to 
cl17. 
file .au 6"81'&1 1' .. 0.4 .. fttl \\3$d to vaeh ,hi~ a"g;aJ)t "l,,,,at,. 
,til... _ ••pt til 'hi. C3" the Ilgal" 1m. fi:rsrt wnebe4 with tap 
water, thtta thnte tlafuJ wt'h 41nl11e,,~ uteI', tHloe d" 
delO1'lt ••• _'el', ~« ttuu, Moe i'r1th afl.'.e. 
41 
10!!. ~lt,r¥~. Ttle Ot;'IlpQt)l 'loa at thamed1 '!.ml ·:la~ 0&81 to ••• 
• 2~J JetJ.\s't ifU!tl"aat, .;:1;';; fftu butter, .05';, laal, 1 •• 
loa asu 12, .8Sjt. In plaOG 9: tbe ~lf 8'trenstb 1ilea water 
preViously u •• " _&011 of the tlrst f!.,.. V&8b1aca w!thd,e1lxd .••• 
WbtttJl' ftS ueed it. a 411_... 1:hG £.:R W&u ndJu!tted to 1.$. the 
melt.,4 &gfU' vas equ1Ubftted at 50 0 •• the ~latGa :k'lOUZ'04 ,~llul 
a('culted as preVicualy d •• e::1... fh.e bactena emploJ84 were 
the .-'(4$ gifta abOw. 
a. JlJJ!lJf& 
fhe I',uault, obui.e. with .e5~ MUS 1!S' lOll (lgnr sad wt"h 
15)( ~~.lat1n aft llft.ent.. 18 fa1>18 XIV h).e,). WOlle of the teat 
tm:()'ter1a ~. _ lou aga.r ft.' 1" or- .85" ooao8utratloa a.tter 
., d.,.. l11"b~tlol'l. llclle"Hr, XP 46, .1011 le SoF,arl,.tl0, d14 
P&III .. 'OIl a~~u atur aa a441tlopl •• YeD clap ot lDO.'b8ttoa 
at ra_ ttllperatuft. na, X14. xr 46. i:I'dIM liD"".. .. 
104 .,peare4 W fJRrat _ "- 6ela11.a .arta" •• bUt the1 -lr d14 
90 1a Ule 3~a 01 ,olatta 11quetaf.Jtloa. 
h'b18 tV (pM) ad 111 .. 1. m (,.) ahow the .. 1I.1t. of 
tke .t.c, of the varioua alarm &ad ,he ocllopbaae ~l.o .. tb04 • 
• 0IlS 0.1 thG toat _ct.ru .va ..... Ofl 1_ a.g&r. 110""1", Moteria 
cml '.red OIl lon 88&1" plu "gula.r &Iar or 5~ 'blood, wasil.' 8sal'Ii 
or tIob1e sgnr ne.me4. except tor iWf. lFi'1th aga~gar ". XD1 
aA4 Xl' 4, ___ e4 at 20 O. nil' 30 a.. 1'509 .vt\~. ct 20 a. an4 
l- 11n)!'*,. at '" a. 011 ihe oellophsae 41lJca. swartl1q 
oo~4 at 20 O. with iDl. n09 Ml4.i,. a&Dldtl&a. U2 ._~4 
over the eattN 8't.U"taoe ot the "el1op'haae 4180, bat (Cl'Owth 41d 
not IInend MlOad 'tM oellop .... 
OIl loa e.~Q:r '\v-lth .1': lelat,! .. (fnble lVI, P. sal, X1')1. 
V 46. XP 4,. m. to4. aat1 1. ldaki6&l _-nte4 at SO o. Td09 
shovee aubtnlrfaoo ___ 1-= at 20 O. ~ Q.z:lC1ua'iI ___ •• at 
20 0. _4 30 O. 
Whel\ ,Ile •• blDg. t.. ftplar as-" were added to loa Seal' 
(!a1)l. m, p.au. the 01117 oJ'gaala thAt did aot .wa:na ft. XA2. 
Pl~g.lla .'a.ta1ag "bow« tut the mal"1De s.raera P08.UU1.8. 
lateral flacella _ 1_ a~ar u.4 1- 1&."'11.1 • __ 11 
tlapllat.4 _wn though _-_tag 414 not "our. 
D. *'l1li11. 
~ rewlt. show that ewamblg did not oocur OD. 101l agU 
with •• a _'.r as a 411uent. Kolft'tftl", s'i'iana1ng did ooour oa 
va.ahe" ~. eftn when it had been lIi.llld:u,d twentT time.. 1rJ. "btl 
preparatlOJl ot ton :.:tgBl'. s:oae omDpOlleat :mlsht be remand wb.loh 
1e not HIIOn4 b7 waeh1ag regular aeal". It th!" 1B 00, loble 
atilt nl11 contal1U' th1s oorapOllent ,.4 ag~ar " OOll'alae a 
08"a1l1 qo_t stao. • •. s1ag oocur"4 OIl bettb. 11le &441 tloa o~ 
5" blood to 1_ agar m1gh\ add Mot tldaOOllpOllQ..tlOWftr. the 
:;i.'2:1J.N mlf:;ht be d1ftamt 1n ooepG1Jltlol1. eian. tm! o.~ar 1" an4e 
troll speolalq seleote4 rHtaWGMIJ (0X014. loa .agar Ho. 2. 1961). 
~'b ... l~ f:\elatla W~UJ added to lOll tlli\ar, ;,wnmilll OOOU~fl. 
at 30 O. fbe fluit1 tlt~'t., of gttlmtla at 30 O. could ex:plaln this 
oOO~C'. ,11180. awarmlfts OIl 15t gel~t1A oould be erplstn.4 b7 
the l1quettlotlon of 'the gel:atla. fbl. provS,des a flui4 eta'. tor 
the .p~ad of tbe baottr\a. 
!he "$ults ob'l31s~4 '* a o.llo!-..... eturte.oe aN eqtd.:f'ooal. 
~ org.l. IA2 t wtd.oll aGNall, doe. ~o, .wfaN, dld 80 on thi. 
$urtaft_ Howvar, 0817 , ot the S a01"lla117 ewaftJ.lag orgaatama 
tene. svamo4 _del" tlw •• ooa41tlO88. It would be expeotect 
tb.~t tbe aoa ... wa!'aer would :not a __ • While the e •• mer. 
t.steel would either all GWUJ!fI or Dot "1"11. Swaftttq 81gbt be 
<txplaa.« -"1 dlttulo:a of flu14 'through 'be .ollop~Ut 
PHv141q • Dcln fttI'taoe ou wb.l-Oh '0 uph8.4. 
fU pO •• slnaloa 01 la'enl flagell. bJ' tt. Mr1ae avaNeb 
del _11-48 .. 10,.4 prtft t d .• hOM tlapllattOll b; il9\'11 .. 1_ 
ag~. n'Jaout aWtu:slSq. 1tl .. la41oatloa 'thai flagella'toa aU 
.--lac an relate4 1n the rn'. of Itprea41Dg. 
1.) lfo blQch.mlo~l or J!orphologloal ctu\ra.oterlsttos l1\U·. toU1\4 
to 41tter~ntlat.qtbe bnot4tr1ftl ~nm·,njutrtf trom the .oll"~1."8er •• 
Howenl'. all •• ar'men were f':}U11d to be •• 01(111110, t.m.nt~tlve, 
&Ad gelntla 11qutlt1ers. Lateral flagella wen alwaTe pn.ent ll1hea 
t~bo aal'1.ne bactorla ~~;ry;mG4 ~.ad ,tall. -_ abtaY8 J;<3n.trlohou.fl17 
t'~11n'e4. 
2.) 1'be pi end eleo\rol7te oGaQ&rltntlon WfU .... tt.na4 to llaw a 
l"'al;!!l.t1oD.8hlp to lJWa:.m12.Jlz. The macla. b~ot.rl~l s~f.u ... n. xm 'lUld 
Ii' I.t6 \foul4 net grow 1. a .. 4lu of 0% .$(;1 OO1!ulJ4tntfttloD wlth IIQ 
batt~r. td. th trl8 bult_x- .or '~'l tb mv.01. BolHtV.Z', whe. • 5~ vaOl 
was add"d tc; the lle41W1t tbe7 414 eve.m 1n ths pr~e::e1to. ot 'h1.a 
w.t.te .. , except at pH 9. In the r~"c1tU:a.O. ot ~Ol 8t pH 6 _4 
~:B 1 •• tl.:nr:1Rg alao (Jocunn4. Upon prolonged 1J1ou.batton wlth 
Tri. batltu,· $t~;ft 9. h01«!v.~. the o~~.nl_s did awarm. li1lea no 
lNtter we ... tided. 8uam1!lg did Dot ooour wl ttl. hCl at anI' 
pH te.te4. 11>1 a.a 11 46 shQwed 80M 4egre. of awa:N!..ag betweea 
the laJl o·:laee.trtltloQ.!t of l~ to ." at pB 6. 1, a aa4 9, w1 thou" 
lNttiUI' &ad \!It tb fr1s bUtter.. ii~b._ lUJ"Ol WB8 ad4e4 to the med1_ 
a' r41 6tlJld pI 1, _.mlq OOOUZ'1Ut _tw •••• 5:' to 4;( BaOl 
.. 
ooao.t:ratloa at pH 1, _4 bet.en .51 to 2% lia:;n at pH 6. 
go"ever. with 2I1':f401. XlJl _d XP 46 dl~lnot 5NW at an a~ an.lt 
ooaOGtftt',OJ1 Qt pH 6 Qudd14 aot II*Ml'I! at ·the Salle 008;)eDr;rsa.tlOll 
~t pH 1. At aft 0:' liaOl oonoeatrl'\tlo11 wi tb. frl~ btl:tfer..Xnl and 
IP 46 .~.4 at pH 6, 7, aad e wt n01 t::it pH 9, u.ulo"g tM 
platt.HI W~" i1'1wbat:e4 tox- aproloaged period of ''-''e. With 80 
bu.t.ter at _ e~ ... (n O(lMontrntlOft,XDl did 1'10t 3!,ijam at pH 6 (,:,. 
pH 9 an4 U 46 swarmed onlT at pif 1. Ko growth ot lDl ~d If' 46 
we obta1ae. at 1:/8 5 at .., ealt ooaceJ&tl'$tloa. 
lalla &£111"" allowed growthbU.t ao ,.mlq at O~ 58101 
Oofto •• tnltlO:11 with 'In. butflfr 0)." with ao butter. Itowewr. wJum. 
-m.Ol W9 fitddf!)d to thU' madi_. 8v~~m~ elll! ooov ($.t a 0': BaOl 
~OBo_t:ra tloa. miW dld fiO' grow 1n M11 lUt~1U& at. q 8~ 
tJal" .o.o.a .. ~"tGt'l. iJva~ OOeD.ft'58 'With $I. if,al' o\lr,a,oeutra't1on 
of .5:;' ~o 2% 11\ each o,#: tkt put. "e0t."d with oS' ,.,11..0.' bU.tter or 
w1th JB4.01. At a 4~ If(l.Ol o~~.noentJl't1tloa .'.,;amiag ooour •• at pH 
6. 1 Qft4 8 bUt ntl<t £;.1 r.B 9. ",,'1 th (J'r wi:t;laQ1.lt wftar 111ouba.:ie4 
il.4robtClf,l17. llOt~\.V(H·. r.l;t l$. 4,1I'aOlooncfI;!I1tl'tf!tloa with ao lMfter. 
1ao'alaated c.naGrvl:d.c~i.ll1' t e;:rQwtll 't>ut no ilJw;~,I1Dlng OOOUl"H4 at all 
91's t.a.a4. 
%a SoU otuJ.a, \lIhe~fI tbe ~ ba,oterl.a lln s.a4 J(:1" 46 0.14 aot 
WVii1ft!l. tll~ oult\tl"e 'il3S ._posed of polu aoaotnohou aad. 
atla,_llat.o oella. BowGy,nr. ~ 8wllnda, ooovn4, th~ culture 
\In.. ':OItpoeed of oell. W!\. th ~.:roUB latanal 1'atl.;ll1!>i. aua $ lttrge 
It_btu' of 1."88 tlspllll of lm," langth .9f .11hq lEgUM tt14 
not .~=-. the ~~lls wa~ ~~er11 ~las~llated. ~$r3Sn well 
tll!lgellntad oel18 w~re ~"m.nt W'h.(l!:ft awnmlll{; oc~d. 
,_) llmiw awal'\ll8 Oft n liberal base ;;1e41_ ooutaln.1.ag 
(;rd4)2so •• 80d1_ .uoo~'\ te ~d 2:( XAal. Oilll whel) serine s.. 
~.u.h:t.4. ££el •• did not SY,:lP kiltb. the addition of q-s of til\) 
othttr &alao aclde .mplo,e4. Allot tbe 31x muao M.o'tJrlal 
8W~trmeH tested show4 8VU"mlll1£ oa th~ above mlUral baM •• 41ua 
fl10t'ut. Of the _1110 8.014. tast~"H.t.tr:r~1'to:Phan la1Ub1t$\l the 
8v~Nlag of all the martu bt'loterla eu~p' YO •• wnloh is 1&401 
QelS.tlve. 
4.) 1ba ma:rae baot(n'1.~~l 'lAll"JD8" X,Jl l4ld :Cl? 4tS, did not fiNW 
in 1M PNii"lUQe of 1 or 2% ~al= C1tr"'cltO ,\tad. :terl'Ou:J tJult'.:lte. 
nal" with 2% terrlc e:hlonda. Swarming 01 tna:.ll _oter1~ 0001.11 ..":,,,1 
w-ltb l:,t tarrlo ohlQrlde. l;f ~U1d 2,~'( t~::do au.lfate, t.H)dlum sultate. 
$0<11\111 n,ltX'3t$, ad 2;t mae:neelua :Jblo:1tle. 2vG pe.r cunt sodium 
fi.nl1la'tQwt;;I.. 'the on113,~1 t t~'U~t su;£Jor'tfld tJUJ g~owtll of the 
p8ychrophtlG ll~ la. 
The manae lt~o'ertum L~, did nut ,:'Ow lu the pftaen •• of 
1,.( farrou. sulta't3. f.)odiu.m t~luo:Jr1!lt.$. a;;Jll'.lll.1um oltratt. 41b~s10 
aodl'W1 pho.l'tb.a't~, dlbnslo potaa'Slwa pbos;t:h;,.,\'. t flQJlct>!.lal0 
;otafudw phol!liJbSltt. wmonlua iSultatet .0110~t.ill0 ~0ll1_ 
15Uai,bilte. or aapol.1wa l!\ll:tg:~a. Growth bat no $iiu,ming 
OOQurrsd )PIi to th!~ Qth~r t'fnl t~ te ~t~"'t 
.i::91t1l a&tG.?:rJ& ,ltd not r:;r(}':f ttl thl3 prenM\oa Ilt l~ or 
2" 'e1frau& llJultate. ~ 1:9w1u'm«4 1n th4 pron~1'tc. ot ~ll the 
oth8rS::llts testad t exoept 'iftb.en Ot:tlQlum CJhlot'iile uas added to 
tbe .4tdl_. 
a •••• alone, whloh oon'1l11'l/IH' ao eatt addition, did ao' 
aUPI-lOri ~ growth of tb:t ?la1"1 •• .."unerl. "ested, qd 1:1I~1II 
414 80t ewan. AU , •• , ~o'orla .1'1 •• 4 P"O¥ttl bU.t 414 an evaa 
w1 ttl tu •• a .a.t ... ooatNl .oa'a.l.1~~ lon agar 112 wtteJ'CU\fJ tM 
aea tlatli!' oontrol o(:tot.a1n1!1g 1",gula:rIli"gii\:f' CBB:::") Sllpportld 
SWt:ftNlaa of tlll.K2 46 &DC !U:lJ •• 
5.) SWlu.-a1ng did not ooov q lOB agar fI;!. Wd artlt1clal pa 
atar, kalt atrength, wae tI.e4 a$ .. till_at. Bowever. whell t11e 
ftnt 11.. V1lsh1Dge h'oII wpla:!' aga%, we" addad to lQa t.:t!;;a.r, the 
cal,. orgru:tl_ that dld no' tn_a R_ W, wh10b i8 Jlol1lal17 a 
..... aa.l'. lao".rial fI'.l.'IU'" oultured oa loa agU 1)lu 
nculftl- agar or S,r 'blood. wa.hed agar, 01" JQbl.l3 agar, all show •• 
swami.S. Wi. til ag~"ar 13. tDl ,lAd Xl 45 SWfl~E'Ul tlt ,~o O. and 
)0 0 •• !309 8WtlZ'II'U,tt at 20 O. &ad lal •• aim'.'. at :so o. 
on tU aellopbaao dl.cIS, xm. 1309. ~~d 1. atm14l1l ~.4 at 
20 O. 'bUt no", at 30 0.. ru, aomal17 it lIonuVfAm6J" •• ~"a4 oft!" 
the _tire a.tao. of th~ 06 110~. dl$o. but erowth did aot 
extelld b.,oad tb.e oollophtiae. 
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